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Abstract 
Much attention has been given to the economic aspects of the fisheries in Egypt, while 
building a statistical or mathematical model for fish production has received little attention. 
This study is devoted to a comprehensive assessment of Lake Manzala fisheries; past, 
present and future. Lake Manzala is one of the main fisheries resources in Egypt, and there 
is evidence that the fisheries have been over-exploited in recent years. The study objectives 
were to determine the factors that affect fish catches by individual vessels, to compare 
between parametric and non-parametric models of the fish catches, and to produce a 
mathematical model of stock behaviour which can be used to suggest policies to manage the 
Lake Manzala fishery. 
A new method of estimating the carrying capacity of the lake and intrinsic growth rate 
of Tilapia and its four species has been developed. Simulation had to be used to get error 
estimates of the biomass parameter estimates using the new method. Three catch strategies 
have been investigated and assessed, with discounted utility of future yields. 
Two ways of modelling individual vessel catches in relation to their effort 
characteristics, a parametric and non-parametric analysis, have been investigated. Using 
generalised additive model gave an improved fit to the survey data compared with the 
parametric analysis. It also gave a lower allowable fleet size which leads to more 
conservative management policy. 
A simulation approach was used to investigate the uncertainty in the predicted catches 
and stock levels, and to give insight into the risks associated with various levels of control. 
There was no evidence that a management strategy which aimed to fish at maximum 
sustainable yield would put the stock at risk. 
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Chapter 1 Introduction 
1.1. Introduction 
Nowadays the world is very aware of the problem of food supply, which has two 
major dimensions. The first is famine, an extreme and general shortage of food causing 
distress and death from starvation. The second is the increasing disparity between 
population and food production. The world is substantially out of balance with respect to 
production and distribution of necessary food supplies. At the 1996 World Food Sununit in 
Rabat, sponsored by Food and Agriculture Organisation (FAO) of the United Nations, the 
report stated that more than 800 million people were undernourished in the early 1990s. 
Millions more suffer debilitating diseases related to micronutrient deficiencies and to 
contaminated food. Every day, one out of five people in the developing world cannot get 
enough food to meet his/her daily needs; in Africa, two out of five people do not have 
adequate food. 
The total food demand does not exceed food production by reason of population 
increase alone, but also because incomes are rising around the world giving rise to an 
increase in the per capita demand for food. When this increase is added to the growth in 
population, the total demand for food has been increasing somewhat more rapidly than the 
food production rate, creating a serious economic problem that takes the forms of rising 
food prices, or empty food shops, or a combination of both. 
Food is a prime necessity oflife; the kind and the amount of food available play a vital 
role in the physical and mental well-being of individuals as well as of nations. The presence 
of essential nutrients in the food supply can determine the growth, health and efficiency of 
populations and each of these nutrients has its own special role. Many studies on nutritional 
status show that protein deficiency is very common among populations where most of the 
dietary protein is supplied from cereal grain and other plant sources, and that the ethnic 
groups who obtain their protein supplies from meat and other animal origin are well 
nourished. Protein malnutrition and under-nutrition are the major nutrition problems 
affecting the well-being of populations of the developing countries of the world. Protein 
malnutrition, with or without an associated infection, is the most common cause of ill health 
if both its direct and indirect effects are considered (Specialised National Councils, 1988). 
Protein is one of the most important nutrients, found in every cell in the body and 
used in forming muscles, blood, hair and other tissues. Carbohydrates and fatty foods 
provide most of the energy used by the body. Protein can also provide energy when the 
body receives insufficient energy from food. Insufficient intake of protein and consumption 
of protein that fails to provide the essential amino acids are the most significant factors in 
human malnutrition which is so prevalent in many regions of the world today. 
Protein in the human diet is obtained from both animal and plant sources. Among 
food-stuffs of animal origin meat, fish, eggs, milk and milk products are the most important. 
Plant protein is most available in cereal grains (wheat, corn, rice and barley), the seeds of 
legumes (peas and various kind of beans) and nuts, of which peanuts are perhaps the most 
important in the human diet. Animal proteins such as meat, fish and eggs provide protein of 
high biological value, but they are in short supply in many countries in the third world. This 
shortage can not be overcome solely by procedures such as increased production of animal 
products through agriculture, which in many developing countries is still primitive or 
inefficient, or which produces animal protein at great expense. As a consequence, the living 
resources of the sea and fresh water are protein resources which can be directly exploited 
and which may still maintain considerable stocks in reserve. 
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Many workers in the field of human nutrition conclude that fish is considered one of 
the main sources of animal protein, especially by poor nations where it fills the gap between 
starvation and subsistence more than does milk or meat. The protein content of different 
types of fish ranges between 30 to 90 percent of dry solids. The percentage of total protein 
calories indicates that the muscles of some lean fish contain exceptionally high levels of 
protein even when compared with the best meat. The amino acid composition of fish and 
fish products provides protein of the finest nutritive quality. 
Great attention is now being given to exploring fishery resources and tapping their 
vast stores of animal protein food in the developing world. In most developing countries 
bordering a marine area, great emphasis has been put on fishing as a means of rapidly 
acquiring quality protein. In some countries such as Egypt, fish is cheap in comparison with 
other protein foods, because the investments and costs are limited to the capture, handling 
and processing rather than growth and reproduction of animal protein. Adding to that, 
animal protein has many problems, such as the long gestation period of cattle and their 
tendency to have few progeny, the limited agricultural area available, the low productivity 
of local breeds, the shortage of breeds which produce meat and milk and the costs of 
feeding and veterinary services. Similarly, poultry production is faced with many problems 
such as feed shortages, the lack of local suitable breeds and the sensitivity of poultry to 
environmental and veterinary conditions. On the other hand, increasing fish production can 
achieve the qualitative balance of food production with lower costs and higher investment 
efficiency than other protein sources. 
For that reason, the sustainable development of Egyptian fisheries is regarded as one 
of the bases of the government strategy aiming to eliminate protein food shortage. This 
means that fisheries resources are to be protected and properly managed to maintain their 
capability for producing fish. Over-exploitation is the major factor affecting sustainable 
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development of the fisheries. So the balanced continuous growth of fisheries, which means 
the protection and maintenance of fisheries resources to enable the continued production for 
current and future generations, is one of the most important goals of the development 
policies. 
1.2. Egyptian fisheries 
The fisheries of Egypt are among the most diverse and interesting. The present fish 
catch comes from four sources (Table I. I): 
(a) the marine fisheries of the Mediterranean Sea, Red Sea and Gulf of Suez, 
(b) lake fisheries, 
(c) fresh water fisheries in the River Nile and its canals, 
(d) aqua-culture fisheries. 
The lakes in Egypt can be classified into three categories: saline lakes where salinity is 
about the same as the sea; brackish lakes, where the salinity does not exceed 5 g/L in all its 
parts; and fresh water lakes. The brackish water lakes are among the most productive 
standing water bodies due to shallow depths, which usually do not exceed 2 metres and 
huge quantities of nutrient rich water from irrigation drainage pouring into them. 
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Table 1.1 Classification, areas and catch of Egyptian fisheries in 1997. 
Fisheries %of area %of catch 
A. Marine fiSheries 
Mediterranean Sea 55.34 11.84 
Red Sea, Suez Gulf and canal 35.81 11.63 
B. Lakes 
B.1 Saline lakes 
Karon (natural lake) 0.45 0.20 
Bardawill (lagoon) 0.81 0.38 
Port Fouad (lagoon) 0.12 0.05 
Raian (man made lake) 0.39 0.16 
Mariot (man made lake) 0.11 0.92 
B.2 Brackish lakes 
Manzala (natural lake) 1.06 12.16 
Borols (natural lake) 0.84 11.75 
Edico (natural lake) 0.18 3.35 
B.3 Fresh water lake 
High Dam (man made lake) 2.60 11.52 
C. Fresh water fisheries 
River Nile and its network 1.45 18.47 
D. Aquaculture 
Fish farms 0.84 17.57 
Grand total 100 100 
Souroe: Callral Agmcy for Public Mobilisation And Statistics (CAPMAS), yearbook of Fim production ~ics in Arabic 
Republic of Egypt (ARE). 
The agricultural area of Egypt is 3.2 million hectares, while the area of Egyptian 
fisheries is around 5 million hectares, which is nearly twice the cultivated area. In 1997 the 
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value of fish production was about 3 billion Egyptian pounds (LE)1, while the agricultural 
value was 64 biUion LE. This means that contribution of fish production to agricultural 
production is modest considering the area of the two activities. 
Fish production from all Egyptian fisheries changed from 1 07 kt in 1977 to 266 kt in 
1997 (Table 1.2). The highest production was in 1994, while the lowest was in 1977. 
The Egyptian lakes have been the main sources of fish production. The lakes' fish 
production has been changed from 65 kt in 1977 to 108 kt in 1997 (Table 1.2). From 1977 
to 1997 the average annual fish production of all lakes represented SO percent of total fish 
production. Lake Manzala is ranked number one among these lakes for fish production 
because its annual fish production average represents 39<'/o of all the lakes production and 
20% of the total fish catch in Egypt. The highest catch was 63 kt in 1987 and the lowest 
was 30 kt in 1997. 
1 1 f.= 5.55 LE is the average of exchange rate at March 1998. 
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Table 1.2 Relative importance of Lake Manzala catch in relation to all lakes catch and 
total catch during the period 1977-1997 (in kt). 
Years Lake All lakes Total Manzala to all Manzala to All lakes to 
Manzala catch lakes% total catch % total catch % 
1977 33 65 107 52% 31% 61% 
1978 47 69 110 67% 42% 63% 
1979 36 76 115 48% 32% 66% 
1980 38 79 143 49% 27% 55% 
1981 39 80 139 49% 28% 58% 
1982 30 84 187 36% 16% 45% 
1983 30 82 166 37% 18% 49% 
1984 35 83 158 42% 22% 52% 
1985 48 115 230 42% 21% 50% 
1986 52 127 254 41% 21% 50% 
1987 63 136 280 46% 22% 49% 
1988 37 143 301 26% 12% 48% 
1989 49 134 320 36% 15% 42% 
1990 50 157 334 32% 15% 47% 
1991 45 158 340 29% 13% 46% 
1992 52 155 342 34% 15% 45% 
1993 47 152 352 31% 13% 43% 
1994 49 159 363 31% 13% 44% 
1995 34 107 233 32% 15% 46% 
1996 33 114 278 29% 12% 41% 
1997 30 108 266 28% 11% 40% 
Average 42 113 239 39% 20% 50% 
SOW"OOCAPMAS, yearbook of fish production statistics in ARE. 
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1.3. Previous studies 
There have been many studies on Egyptian fisheries. Sherif(1974) conducted a study 
on the economics of fisheries in the Arabic Republic of Egypt (ARE), which concluded that 
many governmental bodies are supervising the fishing sector and that the poor co-ordination 
between them was one of the factors hampering fisheries development. It also mentioned 
that fish is an important source of cheap animal protein and that fisheries development could 
provide such protein at relatively low prices. It was recommended that reorganisation of the 
fishery sector was essential to provide fish at reasonable prices and high quality. Elbana 
(1988), also noted the lack of co-ordination between agencies controlling fishing activities 
as well as shortage of qualified staff. The study concluded that the value of fish production 
in 1985 represented 4 percent of the value of agriculture production and it recommended 
that contacts between executive agencies and research institutions should be strengthened. 
Elbarawy and A wad (1980) stated the economic importance of fish production. That 
study concluded that the drop in fish production from 11 S kt in 1961 to I 07 kt in 1977 was 
mainly due to concentration of fishing in the inshore areas and decreased fertility rate of the 
fisheries sources. Shafay (1983) concluded in his study that the fish production from 
Egyptian lakes fluctuated from one season to another. In winter the production decreased 
from the annual average, while it increased in summer. It was suggested that fish import 
plans must consider seasonal fluctuations in production and consumption. 
Basiony ( 1985) stated that although there has been an overall expansion of bodies of 
water fishing in Egypt, the production per hectare was low. This was mainly due to the poor 
efficiency of traditional fishing boats and gears. In Abosarnra's study ( 1987) the estimated 
annual average of fish production per hectare from marine fisheries from 1966 to 1973 was 
I. 8 tonnes. Shahen ( 1980) gave an estimate of 0. S tonne per hectare from the northern lakes 
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during the period 1964 to 1978, while Saad (I 988) estimated the average productivity per 
hectare from the northern lakes during the period 197 4 to 1979 as 0. 7 tonne. 
The study conducted by the Specialised National Councils (1988) stated that the 
development in fish production could be achieved by introducing modem techniques in fish 
handling and storing. The provision of refiigerated lorries and storage, and other related 
marketing facilities would improve fish supply and prices. 
Barrania and Nassar (1984) stated that bio-economic management of fisheries must 
aim at obtaining maximum sustainable yield (MS J') with protection of the stock and 
minimum cost. Abdelhafz (1985) maintained the importance of protecting fish stocks in the 
Gulf of Suez fisheries and not exceeding the optimum biological level of exploitation 
through proper control of fishing efforts. Elhawary (1992) maintained that many of the 
fisheries of Egypt have suffered as a result of by the absence of scientifically determined 
figures of maximum sustainable yield (MSI'). Moreover, there is little effort as yet to 
identity all of the stocks that can be regulated separately, to determine the effects of fishing 
on stocks and to estimate the permissible levels of maximum yield. That study concluded 
that there is a difficulty in developing general public acceptance of the need for regulation 
because of the illiteracy of most of the fishermen and political pressure on policy makers in 
the government. 
The study conducted by Barrania and Abdelaal (1994) stated that the development of 
Bardawill Lagoon should be done within the framework of a regional development plan 
which can reduce the over-fishing in that location. 
In these studies, much attention has been given to the economic aspects of the 
fisheries, while building a statistical, biological, or mathematical model for fish production 
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has received little attention as mentioned in that study carried out by Barrania and Nasser 
(1984). 
1.4. Study objectives 
Lake Manzala plays an important role in providing fish for the Egyptian population 
because it is the largest natural lake and its annual fish production represents around 20 
percent of the national fish production. For these reasons Lake Manzala has been chosen as 
a case study to determine the factors which affect the lake exploitation, such as changes in 
number of fishing vessels and vessels characteristics, as well as to study the effect of these 
factors on stocks of the lake. The study covers the period from 1977 to 1997, and provides 
suggestions to improve management of that fishery in order to maintain and protect fish 
stocks and ensure sustainable fish production. The management strategies developed in this 
study can be extended to other Egyptian fisheries resources. 
The main objectives of this study are: 
• to develop models of changes in biomass of fish stocks and to estimate key 
parameters, so that changes in biomass in response to changing catches can be modelled 
and the stock size can be predicted; 
• to determine factors that affect fish catches by individual vessels using parametric 
approaches, such as regression analysis, and non-parametric approaches, such as smoothing, 
and compare both approaches; 
• to produce a model which can be used to suggest policies and means of proper 
management of the lake's fisheries, 
• to explore the effect of uncertainty on the catches and stock prediction. 
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These objectives can be realised through the following chapters: chapter two 
describes the geographical characteristics, fishing efforts and catch in a time series analysis 
of Lake Manzala; chapter three describes the use of fisheries modelling to estimate the 
intrinsic growth rate and the carrying capacity of the fishery for the main species in Lake 
Manzala; chapter four shows the analysis of field survey data of Lake Manzala vessels using 
parametric approaches such as regression analysis; chapter five covers a non-parametric 
approach to the analysis of field survey data such as smoothing to improve the linear 
regression model described in chapter four; chapter six shows the effect of the two sources 
of uncertainty, in the biomass model (described in chapter three) and catch models 
(described in chapters four and five), on the biomass prediction; and chapter seven shows a 
comparison between parametric and non-parametric approaches, the results and the 
conclusions of the study. 
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Chapter 2 LAKE MANZALA FISHERIES 
2.1. Introduction 
The geographical characteristics, fishing efforts and fish catches of Lake Manzala are 
discussed in this chapter. 
2.2. Geographical characteristics 
2.2.1. Lake Manzala location 
Lake Manzala is located in the north-east corner of the Nile Delta, and lies between 
longitudes 31 o 45' to 32° 5' east and latitudes 31 o to 31 o 30' north. The Mediterranean Sea 
borders it to the north, the Suez Canal to the east, the River Nile (branch Domiat) to the 
west and Sharkia Govemorate to the south. (Figure 2. I). 
2.2.2. Lake Manzala weather 
The Lake Manzala area has a temperate climate, with mild weather in summer and 
moderate cold in winter. The average temperature during the summer days is between 28° 
and 32° and during winter days is between 8° and 10°. Humidity is high, varying between 
65% and 95%. The rainfall is light with a range of 40 - 80 mm per year. The rainy months 
are December, January and February. The average wind speed is 15 km per hour. The wind 
in this area blows gently. Because Lake Manzala is a shallow lake (the maximum depth 
being one metre) the water temperature is similar to the air temperature. (Aero 
Methodological Authority AMA, yearbook 1996) 
12 
ure 2.1 Lake Manzala Location 
2.2.3. Lake Manzala area 
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The exploited area of Lake Manzala decreased by 41 thousand hectares during the 
period from 1973 to 1986 (Table 2.1 ). In the last three decades extensive agricultural 
reclamation activities on the southern and south-western sides of the lake, road building and 
settlements on the islands have reduced the open water area to 53 thousand hectares. Lake 
Manzala area decreased on three occasions during 1977 to 1986, from 94 to 53 thousand 
hectares in present (Figure 2.2). There has been no change in the area since 1986. 
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T bl 21 L k M t d . th . d 1973 1986 l •t d d a e . a e anza a exptoa e area eve opmen urmg e perao - . 
Year Area in thousand Reclaimed area in Reclaimed area 
hectare thousand hectare percentage of 
previous area 
(I) 1973 94 
(1) 1981 87 7 7.4 
(2) 1982 72 15 17.2 
(3) 1986 53 19 26.4 
Souroe: (I) Tund, 1982, (2) CAPMAS, 1987 and (3) Etewa, 1993. 
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Figure 2.2 Area of Lake Manzala during 1977 to 1997 in thousand hectares. 
2.2.4. Lake Manzala sectors 
The lake is divided into four sectors for fisheries purposes (Figure 2.3). These sectors 
are Northern Sector, Southern Sector, Eastern Sector and Western Sector. The Northern 
Sector salinity is higher than in the Mediterranean Sea and it has the lowest fish production, 
so no fishing vessels operate in Northern Sector. The Southern Sector has low salinity and 
the highest fish production in the lake. Tilapia, Catfish, Mullet and Perch fish can be caught 
there. About 53% of Lake Manzala fishing vessels fish in Southern Sector. The Eastern 
Sector salinity is equivalent to the sea salinity and this sector supports considerable 
quantities of high value fish such as Trout and Seabass. The fishing vessels in the Eastern 
Sector represent about 15% of Lake Manzala fishing vessels. The Western Sector has the 
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lowest salt content because some drains and canals pour fresh water into this sector. About 
32% of Lake Manzala fishing vessels fish in Western Sector. This sector is suitable 
environment for Nile fish such as Tilapia, Perch fish and Catfish,. 
ure 2.3 Lake Manzala sectors. 
2.3. Fishing effort 
There are many measures of fishing efforts such as catches, number of fishing units 
(vessels), number of fishermen and type of fishing gear. The total catch of all species, 
number of licensed vessels, number of fishermen and fishing area are listed below in 
Table 2.2. 
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Table 2.2 Total catch of all species in kt, number of vessels, number of fiShermen and 
. h d h d . h . d 1977 1997 . L k M I area ID t ousan ectares uriDg t e perao - ID a e anza a. 
Year Total catch Vessels Fishermen Area 
1977 33 .46 2695 8286 94 
1978 46.54 2752 8406 94 
1979 36.44 2755 8313 94 
1980 38.39 2959 8346 94 
1981 39.30 2769 8358 87 
1982 29.72 2689 8115 72 
1983 30.23 2694 8130 72 
1984 34.96 4543 13674 72 
1985 47.70 6595 19824 72 
1986 52.47 6586 19788 53 
1987 62.91 5893 17969 53 
1988 37.43 565 1 16962 53 
1989 48.57 5693 17079 53 
1990 50.29 4743 14229 53 
1991 45.48 3914 11 742 53 
1992 51.91 3911 11 739 53 
1993 47.49 5784 17861 53 
1994 48.86 6364 19102 53 
1995 33 .78 5564 17054 53 
1996 32.53 3838 11 682 53 
1997 30.00 3741 11114 53 
Source: CAPMAS, yearbook of Fish production Statistics in ARE. 
2.3.1. Lake Manzala vessels 
Table 2.2 shows number of vessels each year from 1977 to 1997. The minimum 
number of vessels was 2689 in 1982 and the maximum number of vessels was 6595 in 1985. 
During the period 1977 to 1983, the number of vessels was approximately constant with 
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average 2759 vessels, while the average was 5904 during the period 1984-1987 and 
decreased to 4920 during the period 1988 to 1997 (Figure 2.4). From 1984 to 1987 the 
unemployment problem came to the surface in Egypt, and the government put pressure on 
the Lake Manzala authority to issue more licences for vessels and fishermen. This caused a 
rapid increase in the effort during that period. 
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Figure 2.4 Number of vessels in Lake Manzala during 1977- 1997. 
2.3.2. Lake Manzala fishermen 
Table 2.2 shows the number of licensed fishermen each year from 1977 to 1997. The 
minimum number of fishern1en was 8115 in 1982 and the maximum was 19824 in 1985. 
During the period 1977 to 1983, the average number of fishermen was 8279 fishermen. This 
figure doubled to be 17814 fishermen during the period 1984- 1987, while the average 
number of fishermen decreased to 14856 during the period 1988- 1997. So the changes in 
the number of fishermen are similar to the changes in the number of vessels. 
2.3.3. Fishing gear in Lake Manzala 
The type of fishing gear used on Lake Manzala during the last 20 years are Trap nets, 
Stand nets and Hook lines. Trap nets and Stand nets are used in Southern, Western and 
Eastern Sector of Lake Manzala, while Hook lines are used in Southern and Western Sector 
only. The proportion of vessels using each gear in each sector does not vary from year to 
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year. 26% of the Lake Manzala fleet use Trap nets, 59% use Stand nets and 15% use Hook 
lines (Table 2.3). 53% fish in the Southern Sector, 32% in the Western Sector and 15% in 
the Eastern Sector. 
Table 2.3 Fleet structure in each sector according to type of fishing gear in Lake 
Manzala. 
Fishing gear Southern Western Eastern Total% 
Sector% Sector% Sector% 
Trap nets 11 9 6 26 
Stand nets 38 12 9 59 
Hook lines 4 11 0 15 
Total 53 32 15 100 
2.3.3.1. Trap nets 
Trap nets consist of three layers of netting. The mesh size of the outer layers is usually 
three times the inner. Trap nets are often used during day time hours, or over night. In day 
time operations, the fish are frightened into the net by threshing the water with poles and 
rhythmic beating on the boat's skeleton. Operating over-night, the nets are left in the water 
before the sun sets and lifted in the early morning. 
2.3.3.2. Stand nets 
Stand nets are used in huge numbers in Lake Manzala. Stand nets are large 
surrounding nets with a diameter of about 50 meters. The nets are operated by two vessels. 
Fishing with Stand nets depends on setting the net vertically on the lake bed by using sticks 
for many hours, then removing the nets and collecting the fish. 
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2.3.3.3. Hook lines 
On Lake Manzala, Hook lines are used with and without bait. The horizontal rope is 
about 1000 m or more and floats on the water. Fixed to it are vertical lines carrying 
different types of hooks. The distance between each vertical line should be double its length. 
2.4. Lake Manzala catch 
Figures 2.5 shows the annual total catches during the period 1977- 1997. The annual 
catches shows a low level before 1984, a rapid increase from 1984 to 1987 followed by a 
period of slowly declining catches up to the present. The catch show a similar pattern to 
changes in fishing effort, as reflected in the number of vessels and number of fishermen 
which have been discussed earlier. The increase in effort during the period from 1984 to 
1987 caused a rapid increase in catches. This was followed by a decrease in catches during 
next period from 1988 to 1997. During the period 1977 to 1983 Lake Manzala authority 
noted that there were a lot of young fishermen with no experience in fishing, resulting in 
low catches, and it decided to give a training course to the fishermen to increase their 
productivity. This course started in 1983 and continue for ten years, each year training I 0% 
ofthe licensed fishermen. 
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Figure 2.5 AU species catch from Lake Manzala during 1977- 1997 in kt. 
19 
2.4.1. Catch composition 
Over the last 20 years fish catches on Lake Manzala have been dominated by Tilapia 
species. Fish catches will be classified according to the main species as follows: 
I. Tilapia species: This species consists of Tilapia Ni/otica, Tilapia Aurea, Tilapia 
Zillii and Ti/apia Gali/ea. 
2. Non Tilapia species: this group consists of all other species. 
Figure 2.6 show a comparison between total catch, Tilapia with its four species catch 
and non-Tilapia catch. The highest Tilapia catch was 56 kt in 1987, while the highest non-
Tilapia catch was 19 kt in 1992. The lowest Ti lapia catch was 21 kt in 1997, and the 
lowest non-Tilapia catch was 5 kt in 1982. From 1977 to 1983 there is slow upward trend 
for all species, Tilapia and non-Tilapia. During 1984 to 1987 Tilapia catch rate increased 
to a peak in 1987, then started to decrease from 1988 to 1997. While non-Tilapia catch 
shows slow a upward trend from 1977 to 1987, a peak at 1992 then a decrease from 1993 . 
The annual average catch of Tilapia represents about 76% of annual total catch during 
1977 to 1997, while the annual total Tilapia catch during 1988-1997 represents about 67% 
of the annual all species catch. This means that Tilapia is the most important species for 
proper management and development of the lake fisheries . So any policies aimed at 
improving fish production in Lake Manzala must be directed toward sustainable 
development of this species. In the following section the analysis will focus on time series 
data for monthly catches of the four Tilapia species, total Tilapia catch and all species 
catch. 
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In summary, Lake Manzala is a shallow, brackish lake which produces about 20% of 
Egypt' s fish catches. Since 1977 the fishery has undergone dramatic changes. The area of 
the lake has reduced three times as a result of land reclamation programmes, and the 
number of fishing vessels and fisherman approximately doubled in a 4 years period from 
1985 to 1988. Intuitively one would conclude that prior to 1984 the fishery was under no 
threat of over-exploitation, but that since 1986 over-exploitation might have become a 
problem. 
A mathematical model which allows estimation of stock size in relation to Lake 
Manzala's carrying ability is needed to clarify this issue. An appropriate model can also be 
used to predict the likely response of the stocks to different catch levels. Chapter 3 
describes the building of a biomass model for the main species to estimate the biomass 
growth rate and biomass size. While chapter 4 will explore the catch strategies which will 
allow the biomass to recover. Chapters five and six show the fleet control while chapter 
seven shows the uncertainty of the biomass model parameters and catch model parameters. 
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Chapter 3 FISHERIES MODELLING 
3.1. Introduction 
Lake Manzala appears to be suffering from over-fishing as a result of decreasing area 
and increasing fishing effort. This chapter aims to suggest possible management policies by 
building a mathematical biomass model to estimate biomass size and growth rate of stocks. 
Also the biomass model can be used in developing a management strategy to enable the 
fisheries to begin to yield approximately the maximum sustainable yield (MSY) . 
The available biomass data for Lake Manzala are biomass estimates at the end of 1979 
and 1993 for four Tilapia species. These are considered to be the estimates at the beginning 
of 1980 and 1994 respectively (Ministry of Development and New Communities in ARE in 
co-operation with Maclaren Engineers Planners and Statistics Inc., 1980 and Hussein, 1994 
respectively). A continuous record for monthly catches, annual number of vessels, number 
of fishermen and fishing area are available for this study, but there are only two biomass 
estimates at widely separated times. A recruitment model and parameters estimates are 
required to control the fishing effort and to maintain the stocks. 
3.2. Basic biomass model 
'13iomass dynamic models are the most commonly used stock assessment model in 
most tropical fisheries and are widely applied in many temperate fisheries . Using biomass 
dynamic models in formulating fisheries management plans depends on the nature of the 
available data. When the fish biomass can be directly estimated, the relationship between 
biomass and biomass growth can be directly fitted and when the biomass can not be directly 
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measured and only an index estimate is available the estimation procedures become more 
complex." (Hilborn, 1992). 
The range of most species of fish is narrowly circumscribed by one or more of the 
following environmental factors; temperature, salinity, depth, bottom conditions and food 
supplies. If the catch is assumed to be absent then the biomass levels change as follows 
• When the biomass level is low it increases slowly because growth is limited by 
reproductive capabilities of small numbers of fish and the small number of fish that are 
growmg. 
• When the biomass level is at intermediate range growth is more rapid, as larger 
number of fish produces more eggs than can survive growth is not limited by pressure on 
food supplies. 
• When the biomass level is high the growth slows again as pressure on food supplies 
impedes the biomass growth and loss of biomass due to deaths in the biomass will just 
offset births and weight gains by the survivors. 
To simplify the model to be compatible with the available data, we have to ignore all 
the complexities of age structure and spatial structure. We also have to assume that all 
environmental factors remain constant, and there is no immigration and emigration. Then 
the population can be described by a single biomass and a discrete-time biomass growth 
model can be written as follows: 
(3.1) 
where: 
B, is the fish stock biomass at the start of time period t, 
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G, is the net growth of biomass, which is the difference between growth and natural 
mortality in period t to t+ 1, 
C, is the catch in period, 
The first biomass dynamic model was formulated by Schaefer (1954), this model can 
be written as follows 
B 
M3 = rB(l - -)- C 
K 
where: 
L1 B is change in biomass = current biomass - previous biomass 
r is intrinsic growth rate of populatio~ 
K is canying capacity of the fishery environment, 
B 
rB(1 - K) represents the net growth, 
C is the catch. 
(3.2) 
This model (equation 3.2) is a logistic growth model, with parameters r and K. The 
maximum sustainable yield (A.JS 1') and stock size for maximum sustainable yield (BMSY) 
can be expressed in the terms of r and K as follows: 
rK 
Maximum sustainable yield MS l' = -
4 
K 
Stock size for maximum sustainable yield BMSY = -
2 
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Figure 3.1 shows a simple representation of the relationship between the stock, net 
growth, MSY and BMSY. At low stock sizes there is low net growth because there are few 
individuals in the population to grow and reproduce. At large stock sizes the net growth 
must approaches to zero because of slower growth, higher mortality rates, and limitations 
on recruitment. If the stock is at BMSY this means the net growth is at maximum, so the 
catch is maximised. 
Net growth 
M SJ' 
Biomass 
Figure 3.1 Relationship between biomass, net growth, MSY and BMSY. 
W alters and Hilbom ( 197 6) used a simple difference equation form of the Schaefer 
model as follows 
(3.3) 
This model assumes that the catch is taken after the biomass growth has effect, or in 
other words the catch is taken at the end of the time period. 
If the catch is assumed to be taken before the biomass growth takes effect then 
equation (3 .3) can be rewritten as follows: 
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(B, -C,) 
B,.1 =(B,-C,)(1+r-r K ) (3.4) 
For annual data both equations 3.3 and 3.4 are not logical because biomass growth 
does not take effect before or after the catch, but both occur simultaneously. 
If half of the catch is assumed to be taken at the beginning of a time period, followed 
by the biomass growth (based on the remaining biomass), and then the second half of catch, 
equation 3.3 can be then rewritten as follows, which is closer to reality 
(B,- O.SC,) 
Bt+1 = (B,- 0.5C,)(1 +r -r K ) - O.SC, (3.5) 
Equation 3. 5 ignores the effect of changing Lake Manzala area, so it must be adapted 
to take account of the three changes in Lake Manzala area during the period 1977 to 1997. 
The change of available area for biomass causes changes in carrying capacity. If the 
available exploited area for biomass decreases the carrying capacity will decrease and 
likewise if the exploited area increases the carrying capacity will increase. It is assumed that 
biomass density, defined as the amount ofbiomass in one unit of exploited area, is the same 
across the lake, that all exploited areas are equally productive, and that there is no loss of 
stocks when the exploited area is reduced. 
Let the basic exploited area be A so which gives carrying capacity K80 in 1980, and let 
A, be the exploited area in year t which gives carrying capacity K1. This relationship can be 
expressed as follows: 
A, 
K, =KaoA 
80 
Substitute K, for K, equation 3. 5 can then be written as follows: 
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(3.6) 
(B, -O.SC,)A.o 
B,+ 1 = (B,- O.SC,)[l +r- r ] - O.SC, K 10A, 
(3.7) 
The parameters of this model (3.7) are K80 and r. Stock size for maximum sustainable 
yield /JM.\'}' can be expressed as follows 
. K, rK, K80 A, rK80 A, Stock s1ze for maximum sustainable yield JJMSY =-+-= --+ (3.8) 
2 8 2As0 8A.0 
rK rK10A, 
while MS Y is the same as Schaefer model MS}'=-' (3.9) 
4 4A.0 
3.3. Parameter estimate for biomass model 
Starting with known biomass B81 and using the known catches C 80 ,C 11 , ...... , C 93 in 
equation 3.7 will produce a trajectory ofbiomasses B12 ,B12 , ..... ,B94 . Suitable values ofr 
and Kao will enable the computed B94 to match the actual biomass. A difficulty arises 
because the values of r and Kao will not be unique, because there are 14 equations with 15 
unknowns including the intermediate biomasses ( 13 biomass estimates 1981-1993) and r 
and K8o. An addition assumption is needed. 
The description of the Lake Manzala fishery in chapter two suggests a stable fishery in 
the early years. In particular, the period 1980-1981 has no changes in exploited area and 
virtually constant catches and effort. Therefore we will assume that Bao = B81 in equation 
3. 7. Then equation 3. 7 for t = 80 can be written as follows 
r(B,- O.SC,)(K10 - B, + O.SC,) = K10C, (3.10) 
Equation 3. 10 gives additional information about the relationship between r and K 80, 
and provides the additional equation needed to uniquely determine the values of r and K80. 
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Given an initial estimate for r we could calculate Kao, or given an initial estimate for Kao we 
could calculate r. 
Successive application of equation 3. 7 from 1981 until the next biomass figure in 
1994 would lead to a high degree polynomial involving r and K80. For example Bt+2 can be 
expressed as follows 
B,+2 = {A~/(2B, -c;t -4-(A,K~/(28, -G)2(2B,(r+ l)-c;(r+2)-C:+1) 
+4A.cA,~r(4~(r+ IXA,(r+ 1)+ A,+1) 
-4B1(r+ IXC:(A,(r+2)+ A,+1)+G+A) 
*C:(A,(r+2)2 + A,+1(r+ l))+:zc;c;+A(r+2)+4+1A,) 
-8A; A,+1~(2B,(r+l)2 -c;(r+1Xr+2)-G+1(r+2))}116A; A,+1~ 
(3.11) 
(3.12) 
If the initial estimates of r and K80 are correct then successively applying equation 3. 7 
from 1980 to 1994 would lead to the correct biomass estimate in 1994. A two-parameter 
search is required to find those values of r and Kao such that the trajectory of biomass over 
the period 1980-1994 passes through the correct point in 1994 while still satisfying 
equations 3.7 and 3.10. 
The search for the values of r and Kao requires sensible initial estimates. Because Lake 
Manzala was not heavily exploited at the time of the first biomass estimate, the value of 
(B8o + Cl!o) has been chosen as an initial estimate of the carrying capacity. The initial value 
of r is calculated from this value of Kl!o using equation 3.10. A spreadsheet is an excellent 
environment for solving this two-parameters search problem through the following steps: 
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(l) Start with initial values ofr and Kso where: 
the initial value of Kso is K;0 = B10 + C10 
• K;0 C, 
and the initial value of r is r = -----.""-:----'-----(B, -0.5C,)(K;0 -B, +0.5C,). 
(2) Calculate successive values of B, using equation 3.7 as far at 1994. 
(3) Use non-linear search in a spreadsheet Solver to set the target cell containing the 
calculated value of B94 to be equal to the known value of Bw. 
Using the non-linear search facility in a spreadsheet Solver, it was possible to find 
unique values of rand K80 for all four species of T.Nilolica, T.Aurea, T.Zillii and T.Ga/i/ea. 
Also it was possible to find unique values of r and Kso for the Combined Tilapia species 
when treated as a single species stock. The catch of the single stock (Combined Tilapia) is 
assumed to be the summation of the species catches, the 1980 single stock (Combined 
Tilapia) biomass is the summation of the species 1980 biomasses, and the same for the 
1994 biomass. 
Table 3.1 shows the biomasses in 1980 and 1994, the estimated carrying capacity in 
1980 and in 1994 together, and the estimates of r for the four species of Tilapia and for the 
Combined Tilapia stock. 
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Table 3.1 Estimates of biomass (kt) and biomass model parameters for the four 
. d C b. d T.'l . t k I d t specaes an om me uapra s oc usmg annua a a. 
Species Bso B94 Kso K94 , 
TNilotica 92 20 105 59 0.766 
TA urea 44 14 59 33 0.775 
TZillii 75 18 83 47 0.671 
TGalilea 12 4 15 8 0.732 
Sum of K and the 222 56 262 148 0.736 
average of r 
Combined Tilapia 222 56 260 147 0.740 
For each species the estimates of the 1980 carrying capacity K80 are greater than the 
biomass estimates B80. The total 1980 biomass of the four species represents 85% of the 
total 1980 estimated carrying capacity for the four species and the same proportion for the 
Combined Tilapia as a single stock in 1980, which consistent with a low level of 
exploitation in the fishery. For each species the estimated values of the 1994 carrymg 
capacity are considerably higher than the corresponding biomass estimates. The total 
biomass of the four species in 1994 represent only 38% of the total estimated carrying 
capacity for the four species 1994. The same analysis has been done for combined stock, 
giving B94 as the same proportion of K94. 
Figure 3.2 shows the estimated biomass for the four species and for the Combined 
Ti lapia stock produced by using the non-linear search with equation 3. 10 and successive 
implementation of equation 3. 7. The estimated biomasses were stable during the period 
1980 and 1981 , then started to decline smoothly from year to the next except for T Gali lea, 
which shows stable biomass from 1993 to 1996 then a small increase in 1997. Also the 
estimated biomass of the four species and Combined Tilapia show a fast decrease from 
1986 to 1988, reflecting the increase in the fishing effort during that period. 
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The estimated values of the intrinsic growth rate, r, is consistent with the most recent 
biological research carried out by Hafz (June 1998). This study estimated the annual growth 
rate ofthe Tilapia species in Lake Manz.ala and found it is vary between 0.73 to 0.97, 0.65 
to 1.30, 0.62 to 0.91 and 0.65 to 1.02 for TNilotica, TAurea, TZillii and TGalilea 
respectively. There have been other studies of the Tilapia species. Abdei-Latif (1974) 
estimated the annual growth rate of TNilotica and TZillii to be 0.73 and 0.84 respectively 
in Lake Nasser in Aswan. The study conducted by Ministry of Development and New 
Communities in ARE in co-operation with Maclaren Engineers, Planners and Statistics Inc. 
( 1980) of current status of fishery and fish stocks of Lake Manzala found that TA urea 
growth rate varied between 0.71 and 1.02. Also the High Dam Lake Development 
Authority (1992) estimated the annual growth rate of TGalilea to be 0.82. 
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Figure 3.2 Estimated change in biomasses between 1980 and 1997 using non linear 
search for (a) T.Nilotica, (b) T.Aurea, (c) T.Zillii (d) T. Galilea and (e) Combined 
Tilapia stock. 
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3.3.1. Sensitivity and convergence 
Sensitivity and convergence of the estimates of r and Kso (using non-linear with 
equations 3. 7 and 3 .I 0) was investigated in two ways: 
( 1) The effect of the level of data aggregation on the estimates of r and K8o. 
(2) Convergence to estimate the values of r and K8o. 
3.3.1.1. Sensitivity to data aggregation 
Because catch data are available monthly, it is reasonable to estimate the values of r 
and K8ofor each species and for Combined Ti/apia species by using 1, 2, 3, 4 and 6 months 
time series. Table I A in Appendix A shows that there is a little change in the estimates of r 
and Kao as the level of data aggregation changes. There is a suggestion that the greater the 
degree of aggregation, the higher the estimate of r and the lower the estimate of Kao. The 
annual value of r is simply calculated by multiplying the estimated values of r by the 
number of time periods per year. So, the annual data set can achieve the main aim of this 
model which is assessment of strategies for enabling the stock to recover. 
3.3.1.2. Convergence to parameters values 
The problem of how good the initial values need to be will vary between fisheries. For 
this model, convergence was obtained from a quite wide range of initial values of KBo and 
the associated value of r, as shown in Table 2A in Appendix A. Convergence was achieved 
from initial estimates of r which were as much as a factor of 3 adrift in the maximum 
direction and were as much as a factor of 0.5 adrift in the minimum direction. Table 2A in 
Appendix A shows that it is better to chose an initial value of KBo which is overestimate 
rather than chose an initial value of K80 which is underestimate. This is because of the effect 
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of this initial estimate on the estimates of r which rapidly becomes unstable. If the initial 
values of r and KBo are outside these ranges (listed in Table 2A in Appendix A) successive 
application of equation 3. 7 can not converge to the correct estimate of r and K80. 
3.3.2. Uncertainty in the biomass parameter estimates 
Because the non linear search uses as many equations as unknowns there are no error 
estimates for r and K. Error in the estimates of r and K may arise because of errors in the 
biomass estimates in years 1980 and 1994, or errors in the reporting the catches. There is no 
way of quantifying errors in catch reporting, and these are likely to be low as the recording 
of catches is closely monitored. Unfortunately, the biomass estimates in 1980 and 1994 
were not reported with standard error. However, Robson and Regier ( 1967) suggested that 
95% confidence limits of stock estimates are typically ±100/o of the biomass. We will 
therefore use this to estimate errors in the biomass estimates and examine the effect on the 
estimates of r and K. 
To determine the uncertainty in the parameter estimates it will be assumed that an 
error occurred in the estimation of the starting and ending biomass, and that this error is 
unbiased and normally distributed. The starting and ending biomasses are sampled with 
means B80 and B94 respectively and with standard error equal to 5% of the respective 
mean. 
A VBA macro was used in Excel 7 to run the non-linear search in Solver and 
estimate the values of r and Kso for I 00 sampled pairs of values for B80 and B94. The outputs 
are 100 corresponding estimates values of r and K8a. From teach of these estimates K94, 
MS}' and /JMSY can be calculated. Figure 3.3 shows the envelope of predicted biomass 
trajectories based on the I 00 paired estimates of r and K80 and the corresponding sampled 
values of Bso and 894. The envelope of RMSY values is also shown. 
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Using Shapiro-Wilks Goodness-of-Fit statistic to compare the quantiles of the fitted 
normal distribution to the quantiles of the data distribution of I 00 replicates of r, K80 and 
K94 produced P-values greater than 0.05 for the four species and Combined Tilapia stock, 
so there is no evidence that the values of r, Kso and K94 vary from the normal distribution. 
These I 00 estimates are used to calculate 95% confidence intervals (x ± 1.96 SE) for r, K8o 
and K94. 
Table 3.2 shows the detenninistic estimates for r, Kso. K94, together with the 95% 
confidence intervals for each species and Combined Tilapia species, and standard error for 
r and K80 expressed as coefficient of variation CV = SE/ estimate. It is noted that if the 
coefficient of variation is 55 for B80 and B94, then the coefficient of variation in the 
estimated value of r is 13%, the coefficient of variation in K80 and K 94 is 8%, the coefficient 
of variation in the value of MSJ' is 5%, and the coefficient of variation in the estimated 
value of BMSJ' is 6%. 
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Table 3.2 The deterministic estimates values of r, K80, K94 for each species and 
Combined Tilapia stock, coefficient of variation and 95% confidence level of them 
assummg th t d d f B d B . So/« e s an ar error o so an 94 IS o. 
Species Estimate CV Upper Mean Lower 
T.Nilotica r 0.766 11% 0.933 0.772 0.612 
Keo 105 7% 119 105 92 
K94 59 7% 67 59 52 
TA urea r 0.775 16% 1.039 0.789 0.538 
Keo 59 10% 72 60 48 
K94 33 10% 40 34 27 
TZillii r 0.671 9% 0.785 0.665 0.545 
Keo 83 5% 93 84 76 
K94 47 5% 52 47 43 
TGalilea r 0.732 14% 0.946 0.739 0.532 
Keo 15 8% 17 15 12 
K94 8 8% 10 8 7 
Combined r 0.740 12% 0.922 0.751 0.579 
Tilapia Keo 260 8% 298 259 221 
K94 147 7% 168 147 125 
The relationships between r and ~o, r and B8o , r and 894 , Keo and Beo and Keo and 
8 94 for each species and for Combined Tilapia stock has also been investigated. It is not 
surprising there is almost a linear negative relationship between r and K80, and almost a 
linear positive relationship between Kso and B8o. This is illustrated in Appendix A Figures 
1 A- 5A. Also the value of r is closely negatively related to the estimate of 8 80. For sampled 
values of Bso which are less than the observed values, the estimated r value is greater than 
the deterministic estimate for all species because for a given 880 a small change in r after 14 
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iterations/years will give a relatively large change in predicted B94. The changes in sampled 
8 94 values have only marginal effect on the estimates for the values of r and K80. 
The same procedure has been used assuming that the standard error is 10% of B80 and 
894. Appendix A, Table 3A shows the estimates of the biomass model parameters, while 
Figure 6A shows the envelopes of predicted biomass trajectories. Figures 7A-11A show the 
relationships between the sampled biomasses and parameter estimates. When the standard 
error is assumed to be l 0% of both B8o and B94 the relationships between corresponding 
estimates of r and Kso, r and Bso, r and 894, Kso and Bso, and Kso and B94 for each species 
are similar to the relationships when the standard error was 5%, for all species. 
It is noted that the biomass model using the 2 parameters search procedure converged 
each time to estimate r and Kso for each species either when the standard error is 5% or 
10% of Bso and 894. Also it is noted that adding random effects to the annual catches, 
assuming either a 5% or I 0% coefficient of variation in reporting errors, has virtually no 
effect on the estimates of r and Kso because the mean error over the 14 years 1980-1994 is 
small. 
3.4. Validation of parameters estimates 
Although we take estimates of r and Kso which are reliable and consistent with other 
studies, it is useful to see whether they are consistent with those obtained using other 
methods of estimation. Clearly, ifbiomass estimates for the intervening years (1981-1993) 
were available, estimates of rand K80 can be found from equation 3.7. We will make simple 
assumptions about catchability which give intervening biomass estimates. In addition, 
standard fisheries models using catch per unit effort (CPUE) as a surrogate for biomass will 
be investigated. 
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3.4.1. Parameter estimation using imputed biomass time series 
It is common to assume (e.g. Hilborn, 1976) that the catch per unit effort is 
proportional to biomass, and the simplest assumption is that the proportionality is constant. 
This proportionality constant is usually cal1ed "catchabilil)l'. The relationship between 
catch per unit effort and biomass can be expressed as follows: 
c, U =-=qB 
, E , 
, 
(3.13) 
where: 
U, is the catch per unit of effort in year t, 
E, is fishing effort, where fishing effort measured by number of vessels and 
q is catchability coefficient or the fraction of fish stock which is caught by a unit of 
fishing effort. 
Equation 3.13 is based upon constant catchability and constant fishery exploited area. 
But in the case of Lake Manzala the exploited area decreased on three occasions during 
1977 to 1997, so equation 3.13 must be modified to take into account the changes in the 
exploited area. Then equation 3.13 can be re-expressed as follows: 
C, B, 
U =-=m-
, E, A, (3.14) 
where m is area-adjusted catchability or the catch per unit of effort (a vessel) per unit 
of biomass density. 
Because the estimates of Bao and B94 values are available for the four species and 
Combined Tilapia stock, annual catch data and number of vessels, then the area-adjusted 
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catchability in 1980 can be estimated by using equation 3.14 as ~ = ; 0 ~0 and in 1994 
10 0 
C A 
as m 94 = E 
94 94 
, for each species and for Combined Tilapia stock. There are number of 
94 B94 
assumptions that would be made in estimating the biomass time series by using these two 
estimates of the area-adjusted catchability such as: 
1. Assume that the area-adjusted catchability is constant and known. 
2. Assume that the area-adjusted catchability is a linear function of time. 
(I) Constant area-adjusted catchabilitv 
According to this assumption, there are many ways to fix the area-adjusted 
catchability which can be as follows: 
(A.l.) For each stock area-adjusted catchability is equal to the initial value. 
(B.l.) For each stock area-adjusted catchability is equal to the final value. 
(C.l.) For each stock area-adjusted catchability is equal to the average of 
(D.l.) For each stock area-adjusted catchability is equal to the average of 
m10 and ~ofthe Combined Tilapia stock. 
We have four series of estimated biomasses based on these assumptions. Note that 
unless m 10 = ~, each estimated series will have wrong biomass estimates at one end or 
the other or both. However, all these assumptions give series which show a similar pattern 
(Figure l2A in Appendix A). 
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Now estimates are required for the values of r and Kso based upon these different 
assumptions. The estimation of r and K8o can be based upon equation 3. 7 which can be 
rewritten as follows: 
8,+ 1 -B, +C, = r [B,-O.SC,]- -'-[B,-0.5C,f [Aso] Kao A, (3.15) 
Using multiple regression to estimate the parameters of equation 3 .I 5 is not 
recommended because there are an interaction between the parameters. Estimating the 
parameters of equation 3 .I 5 has been carried out using non-linear regression for each 
estimated series of biomass. The goal of non-linear regression is to find a least squares 
solution for a non-linear model, which cannot be done using matrix algebra as it is in linear 
regression (Neter et al. 1996 and Myers 1990). Table 3.3 shows the resulting estimates for 
r, K80 and K94 together with SE for rand K8o (expressed as CV= SE/estimates) for each 
species and for the Combined Tilapia stock. It is noted that: 
• Parameter estimates are very sensitive to the assumption used. 
• Parameter estimates are always not consistent with other studies. 
• Parameter estimates are unreliable because the coefficients of variation are very high 
and the confidence interval for r and K80 are too big, and covering zero value. 
• The available biomass data (B8o and 894) not used. 
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Table 3.3 The estimated values of r, Kso and K94, and the coefficient of variation (CV) 
for each species and for Combined Tilapia stock based on the four assumption of the 
constant area-a4justed catch ability. 
Species Assumption r Kso K~, CVofr CVofK" 
7:Nilolica m=tn.0 0.525 106 60 78% 56% 
m=~4 1.184 56 32 43% 25% 
m=('llao +~)I 2 0.608 105 59 59% 19% 
m= (Tilapia'llao + Tilapia~) I 2 0.661 89 50 66% 44% 
T.Aurea m=n~a0 0.624 63 35 52% 22% 
m=~ 1.314 43 24 23% 11% 
m=('llao +~)I 2 0.898 44 25 30% 15% 
m= (Tilapia 'llao + Tilapia ~)I 2 0.870 62 35 30% 11% 
T.Zillii m='llao 0.468 99 56 46% 16% 
m=~4 1.151 55 31 37% 14% 
m=('llao +~)I 2 0.889 64 36 44% 16% 
m = ( Ti Japia n~a0 + Tilapia ~4) I 2 0.687 75 42 10% 4% 
l:Galilea m='llao 0.730 12 7 34% 9% 
m=~4 0.963 11 6 44% 12% 
m=('llao +~)I 2 0.887 12 7 47% 12% 
m = ( Ti /apia 'llao + Tilapia ~4 ) I 2 0.863 12 8 48% 12% 
Combined m='llao 0.616 275 155 70% 20% 
Ti/apia m=~ 1.102 163 92 23% 7% 
m= (Ti/apia'lla0 + Ti/apia~4 ) I 2 0.852 203 115 14% 9% 
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(2) Area-adjusted catchabilitv as a linear function oftime 
Because there are two available estimates of area-adjusted catchability (m8o and m94) 
for each species, it is reasonable to assume that the area-adjusted catchahility is a linear 
function of time (m, =a+ ht,), using the two estimates of area-adjusted catchahility 
against the time starting from 1980. Then equation 3.14 can be modified to have the 
following form: 
C, B, 
-=m-
E, I A, 
where: 
mso +m94 
m, = m80 + I, I = 0, I, 2, 3, ...... in years from 1980. 14 
(3.16) 
As before the estimated area-adjusted catchability function could be a separate 
function for each species or a common area-adjusted catchability function from the 
Combined Tilapia stock. 
Clearly, when using species-specific catchability the estimated biomass series will pass 
through the correct values at the end-points, whereas this is not the case when a common 
value is assumed. 
Figure 13A in Appendix A shows the estimated biomass series using equation 3.16 for 
the four species and for Combined Ti/apia stock. It is noted that all series of estimated 
biomasses show the same behaviour despite the different assumptions. 
Estimating the parameters r and Kao of equation 3 .IS as before gives the results in 
Table 3.4. 
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If each species has its separate area-adjusted catchabi/ity values the estimates of the 
carrying capacity K80 are greater than the biomass estimates B8o. The total species biomass 
in 1980 represent 82% of the sum of 1980 carrying capacity estimates for the four species. 
The estimated values of the 1994 carrying capacity K94 are considerably higher than the 
biomass estimates B94 and the total species biomass in 1994 represent only 36% of the sum 
of 1994 carrying capacity estimates for the four species. 
If the common area-adjusted catchability values is applied the estimates of the 
carrying capacity K8o are greater than the biomass estimates B8o. The total species biomass 
in 1980 represent 94% of the sum of 1980 carrying capacity estimates for the four species. 
The estimated values of the 1994 carrying capacity K94 are considerably higher than the 
biomass estimates B94 and the total species biomass in 1994 represent only 42% of the sum 
of 1994 carrying capacity estimates for the four species. 
From the results of applying this method (Table 3.4), it is noted that usmg the 
common area-adjusted catchability values gives parameter estimates consistent with the 
other studies and not sensitive to the assumptions. The estimates are reliable because the 
coefficient of variation is reasonable; also these estimates are closer to those obtained from 
the non linear search than are the estimates from using separate area-adjusted catchability 
values. 
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Table 3.4 The estimated parameters of equation 3.16 and the coefficient of variation 
CV of each parameter based upon using separate tuea-adjusted catchability values and 
using common tuea-adjusted catchability values for eacb species and Combined Tilapia 
stock . 
Separate m Common m 
r KsG CVofr CVofKso r KsG CVofr CVofKs1 
TNilotica 0.780 89 14% 8% 0.759 91 14% 8% 
TA urea 0.815 52 18% 12% 0.708 58 17% 12% 
TZil/ii 0.674 119 15% 6% 0.680 74 16% 7% 
TGali/ea 0.840 12 17% 11% 0.735 12 15% 7% 
Combined 0.702 234 12% 10% 
Ti/nnin 
The residuals from these fitted models (Figures 14A and l5A in Appendix A) indicate 
no problems with the fit. The positive and negative residuals are balanced, they have no 
pattern and the small residual are most common. 
3.4.2. Parameter estimates using catch per unit effort time series 
Hilbom (1976) attempted to use catch per unit effort (U) as a surrogate for biomass, 
assuming that the catchability is constant from year to the next where the unit of effort is a 
vessel. Hilbom (1992) transformed his model (by substituting equations 3.13 in 3.3) to get 
the following equation: 
u u u 
___!:t!.=-1 (l+r-r-1 )-U E q q qK I I (3.17) 
(3.18) 
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Equation (3 .18) has the practical advantage that r and K can be estimated without any 
biomass data. Also it has the computational advantage that it conforms to a standard 
multiple linear regression of the form Y=b0 +b1X1+b;JX2, 
where 
u 
Y = J+1 - 1 the dependent variable is the rate of change of biomass, 
I 
X1 = U, the first independent variable is catch per unit effort, 
X 2 = E, the second independent variable is the fishing effort and 
the regression parameters are bo = r, b1 = -r I Kq and b2 = -q. 
Equation 3. 18 is based on the assumptions that the catchability is constant and 
unknown, that the catch has been taken after the biomass growth had taken effect, and that 
K is constant. Modifying equation 3 .18, allowing K to change with area and half the catch 
to be taken before growth, then equation 3. 18 can expressed as follows 
U,A, ( ) ( ) ( )
2 
mr E, r r E, m r E, 
l=r-(m+z-) A, - mK.o (u; Aw)+ K.o A, (u, Aw)- 4K.o A: (u, Aw) (3.19) 
Using multiple regression method to estimate the parameters m this form ts not 
recommended because of the confounding between the parameters. 
Non-linear regression has been used to estimate model parameters (equation 3 .19) for 
annual time series ofthe four species and for Combined Tilapia stock from 1980 to 1997. It 
is noted that these estimates of r and K80 are not reasonable because they are not consistent 
with the estimates values of r and Kso produced by using non linear search, or with 
parameter estimates using estimates of biomass time series, or with other studies. Also this 
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method is based on a rigid assumption of the area-adjusted catchability and dose not use 
the available biomass data Bso and B94. 
Table 3.5 The biomass parameters estimates based on using catch per unit effort time 
series. 
Species r m*10"5 Ks£ CVofr CVofKst 
T.Nilotica 0.527 2.2 166 51% 110% 
T.Aurea 0.714 4.7 61 94% 127% 
T.Zi/lii 0.624 1.3 246 31% 113% 
T.Galilea 0.674 3.2 20 91% 124% 
Combined Tilapia 0.619 4.3 257 40% 179% 
Using linear regression to estimate the parameters of equation 3.19 gives poor results 
such as negative growth rate, but using non linear regression gives parameters estimates 
more reasonable than linear regression parameters estimates. This results are consistent with 
Hilbom's opinion, Hilbom said ''When people first started experimenting with regression 
methods for estimating Hilbom model parameters, they often obtained negative parameters; 
r or q were estimated as less than zero, which is biologically impossible. It was felt that this 
indicated model failure, that the assumptions of the model were just too simple and that by 
not explicitly incorporating lags to recruitment and so on, these simple biomass dynamic 
models were failing to capture some important aspects of the data." (Hilborn, 1992). 
3.5. Comparison between methods 
Three approaches have been described for estimating the biomass model parameters 
which can be summarised as follows: 
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(I) Non linear search using a spreadsbeet Solver: 
This method is based on two biomass estimate ( B8o and B94) and catch data 
from 1980 to 1994, using equation 3.10 and successive implementation of 
equation 3. 7 to estimate the values of r and K8o. The advantage of this method 
is the ability to produce good estimates for r and K80 which agree with other 
studies, while the disadvantage of this method is there is no estimate of the 
standard error of r and Kso. However we can get over this problem by adding 
uncertainty to the starting and ending biomasses and using simulation to 
estimate standard errors for r, Kso and K94. 
(2) Parameter estimation using imputed biomass time series: 
This method is based on assumptions about area-adjusted catchability to 
estimate r and K8o. There are two sub-methods explored: 
• assume that the area-adjusted catchability is constant and known 
• assume a linear function for the area-adjusted catchability in 1980 and 1994 
against time. 
The first sub-method gave inconsistent estimates of the biomass parameters r 
and Kso. However the second sub-method, gave parameter estimates in good 
agreement with other studies and close to the non linear search estimates, and 
reasonable confidence intervals for the parameter estimates. This is especially 
true when using a common linear function of area-adjusted catchability for 
all species. Like the non linear search, this method uses the available biomass 
and catch data. However, it is necessary to assume a linear function for the 
area-adjusted catchability. Area-adjusted catchability values showed a slowly 
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changing over the short tenn, but it might be increased or decreased in the 
long tenn for some reasons such as: changing of technical perfonnance, 
increasing or decreasing the fishennen efficiency, changing recruitment from 
year to year or changing of fishing interference. 
(3) Parameter estimates using catch per unit effort time series 
This method is based on Hilbom's model to estimate the values of r, Kso and 
m using time series of catches and effort. An apparent advantage of this 
method is the ability to estimate the standard error of the biomass parameters. 
However, it fails to take advantage of biomass data from 1980 and 1994 and 
the parameter estimates are not in a good agreement with the other methods of 
estimation or with the other studies. The confidence interval of the parameters 
estimates are bigger than any other method. 
From this discussion both the method based upon non-linear search facility or imputed 
biomass time series assuming a common linear function for the area~usted catchability 
gave reasonable and very similar parameter estimates. Because the non-linear search facility 
can give associated sets of the biomass parameters r, K and B94 which will be useful later in 
chapter seven, we are going to use this method to estimate the biomass parameters. 
The next chapter will discuss the determination of good fisheries management 
strategies. 
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Chapter 4 Fisheries management 
4.1. Introduction 
There are many approaches to the management of fisheries. These include landing 
control, quota control, fish closed seasons, and effort controL Of course any management 
policy may have its negative impact in the short term from social and economic points of 
VIeW. 
Landing control appears to be an easy way to control the fishing. It means leaving the 
current fleet without any changes and closing the fishery when the total catch reaches some 
prescribe limit. This procedure can be repeated every year. But landing control does not 
control number of nets, number of fishermen, trip duration, and number of mesh. 
Unfortunately the allowable catch may be caught in less than a year, and non-fishing for the 
rest of a year may cause unemployment problems. Also fishermen will pay the annual fees 
for the fishing licence and there is no guarantee for them to fish all the year. 
Quota control allows everyone to land a certain quantity of fish but quota conlrol 
needs to determine an allowable number of vessels and the fair quota for each vesseL To 
implement a closed season policy modelling would be needed to determine how long a 
closed season would be required. To use effort control it is necessary to determine how 
many vessels should be allowed to fish. So, quota control, closed seasons, and effort control 
all required the development of a model to predict the catches from a given stock for a 
permitted fleet. 
This study assumes that effort control will be used in this fishery with fewer vessels 
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allowed to fish but allowing them to fish for the whole year. There will be unemployment, 
but there will be less uncertainty, so planning will be easier for the individual fishermen. 
Choosing effort control means that a model must be developed to predict the catches that 
would result from a given stock for any permitted fleet effort. 
4.2. Stock behaviour 
4.2. I. Assumptions 
Figure 4.1 shows the effect of different levels of effort on the stock behaviour 
assuming that the catch is proportion to the biomass for a given effort. If the effort is at a 
critical level or above, the stock will collapse because catch is greater than the net 
recruitment. The critical effort is twice the optimum effort, where optimum effort is that 
fishing effort which can catch MSY amount of fish if the stock at BMSY level. If the effort 
level is low, then the biomass will converge to the point B and if the effort is absent (zero 
gradient) the biomass will tend to the carrying capacity. If the effort is at optimum level the 
biomass will converge to BMSI' level with the catch equal to MS I'. In the commonly used 
continuous-time net recruitment model the critical effort level is twice that needed for the 
optimum effort which can catch MS l'. 
This discussion can be summarised in the following points: for constant critical effort 
or above the stock will deplete, for low constant effort the stock will converge to 
equilibrium at some level and for no effort the stock will tend to the carrying capacity. 
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Figure 4.1 Relationship between biomass and net growth with different catch 
levels. 
Assume that the fishing effort is constant since 1997, which means that the 1997 fleet 
(3741 vessels) is allowed to continue fishing. Because the 1997 fleet caught 21.42 kt of 
Total Tilapia, which represents 54% of the Total Tilapia biomass in 1997, the same fleet 
would catch the same proportion of the biomass during next period. Figure 1B in Appendix 
B shows the predicted catch and biomass estimates of the four species and Total Tilapia if 
the 1997 fleet continues fishing. It is clear that the continuation of fishing at the current 
level will further deplete the stock and the catches will be uneconomic because the effor t is 
at too high a level and the stock is below the BMSY leveL 
4.2.2. Potential stock recovery 
Lake Manzala authority banned fishing in 1998. Figure 4.2 shows the Total Tilapia 
stock behaviour if the fishing is stopped from 1998 to 2012. It is noted that stopping fishing 
for eight years will allow the stock to be close to the carrying capacity of the lake by 2005. 
(Figure 2B in Appendix B for the four species) 
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Figure 4.2 Biomass estimation, predicted catch, MSY, BMSY and K for Total 
Tilapia if the fiShing is stopped for long time. 
4.2.3. Area-adjusted catcltabilitv 
Before we can model the effect of different effort on the individual Tilapia stocks, we 
need to make some assumptions about area-adjusted catchability. Figure 4.3 shows the 
area-adjusted catchability of the four species and Total Tilapia stock from 1980 to 1997 
based on the trajectory of biomass estimates produced by using non linear search. This 
figure show that the four species have a similar pattern to the area-adjusted catchabi/ity 
over time. The variation from a conunon pattern may be the result of mis-classification of 
the catch data in the past, because there is little visible difference between the four species. 
This figure also shows that all species have similar area-adjusted catchability values. So, 
even when the area-adjusted catchability of each species changes they all remain 
approximately equal. In addition, the most consistent and reliable alternative method of 
estimating r and K80 was the one which assumed equal area-adjusted catchability for all 
species. Therefore, in future modelling of catches, the catch of each species will be 
proportional to its biomass. 
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Figure 4.3 Area-adjusted catchability estimation for each species during the 
period 1980-1994. 
From the prevwus discussion, subsequent modelling will based on the following 
assumptions: 
• catch is proportional to biomass, 
• the area-adjusted catchability is the same for each of the four species, 
• stock can converge to equilibrium at some level if the effort is below critical level. 
The next section will investigate the stock recovery rate in the light of this discussion. 
4.3. Stock recovery rates 
In the context of this study, stock recovery will be taken to mean that the stock grows 
until it is equal to or exceeds the BMSY level. However, stock recovery does not mean each 
species biomass must exceed its BMS Y level, but it means the total stock must exceed the 
total BMSY level. Thus some species biomass could be above their JJMSY level and the 
others could be below their BMS I' level, but if the total stock exceeds the BMS Y level and 
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there are stability in the biomasses provided the effort is appropriate. 
Now there is an immediate questions which is: what is the minimum non-fishing 
period to allow the stock to recover. It is found that stopping fishing for four years starting 
from 1998 wiU allow the Combined Tilapia stock to exceed the /JMSY. Table 4.1 shows 
the estimations of each species and Combined Tilapia stock at the beginning of each year, 
together with BMSY. It is noted that non-fishing for four years aUows TNi/otica and 
TZillii exceed their BMSY levels by the beginning of 2002. TA urea by the start of 2000 
and TGali/ea by the start of 1999. Also it is noted that Combined Tilapia stock will exceed 
its BMS Y level by 2001 after three years of stopping fishing which means that the minimum 
period to stop fishing is three years. So, there is no need to stop fishing for four years, 
because three years of stop fishing will allow Combined Tilapia stock to recover. 
Table 4.1 Estimations of the four species biomasses, Combined Tilapia biomass at the 
start of each year and /JM,\'Y if the fishing is stopped for 4 years then start to fish 
USID~ t h fli fi !l1S r ee ort or . . 
Years TNi/otica TA urea TZillii TGalilea Combined Tilapia 
1998 8.95 11.50 6.93 4.23 35.24 
1999 14.78 17.34 10.90 5.72 55.05 
2000 23.29 23.78 16.53 6.98 80.49 
2001 34.15 29.06 23.69 7.73 107.36 
2002 45.28 31.94 31.58 8.04 128.67 
BMSY 35.42 19.89 27.45 4.84 86.95 
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4.4. Stock management strategies 
Although in chapter three uncertainty in the biomass model has been investigated, this 
chapter will examine catch strategies which allow the stocks to recover based upon the 
deterministic biomass model to determine the effort for M.\'Y which can achieve the catch 
strategies. Effort for M.\T means the effort level which can catch MSY amount of fish if 
and only if the stock is at BMSY level. This effort will yield less than MSJ' if the stock is 
below BMSY level and more than M.\'Y if the stock is above BMSY level. The actual fleet 
structure which gives effort for MSJ' will be determined in two ways in chapters five and 
six, then the effect of adding uncertainty to the biomass model parameters and to the catch 
model parameters will be discussed in chapter seven. 
The deterministic biomass model will now be used to investigate different 
management strategies for the Combined Tilapia stock in Lake Manzala. The aim is to 
investigate the stock behaviour if the fishing stopped for less than four years. Biomass 
recovery requires a catch strategy each year whose impact on each species can be assessed. 
Catch strategies must start from 1998 to enable stocks to recover. There are a number of 
catch strategies, and the following three are investigated: 
(1) Stop fishing for one year 1998 and from 1999 and beyond use effort for MSY 
(2) Stop fishing for two years 1998-1999 and from 2000 and beyond use effort for 
MSY. 
(3) Stop fishing for three years 1998-2000 and from 200 I and beyond use effort for 
M.\T. 
Determine the fleet·size for MSY based on the assumption that the fleet has a fixed 
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size and hence there is fixed effort once the fishing re-starts. 
4.4.1. First catch strategy (SI) 
The aim of using the first catch strategy is to reduce the non-fishing period to one 
year and investigate the stock behaviour. It is noted that this catch strategy produced 
catches which converge towards MSY for all species at a variety of rates, but generally by 
2017 (Figure 4.4). 
Figure 4.4 shows the biomass estimates, expected catch., MSY and BMSY for each 
species and Combined Tilapia stock for the first catch strategy. It is found that by the start 
of year 2017 the Combined Tilapia stock will exceed its JJMSY level. The catch of some 
species is above the MSJ' level for some years and below that level in other years because 
the total catch in a year is split according to the biomass proportions at the end of the 
previous year. Thus, TNi/otica biomass will exceed its IJMSY level by 2010, TA urea will 
exceed its JJMSY level by 2003, TZillii biomass will not exceed its BMSY levels but it will 
be stable at about 25 kt starting from 2013, 7: Gali/ea biomass will exceed its BMSY level 
by 1999. Some species will give catches below MSY and the others will give catches above 
MSl', but starting from year 2017 the catch will equal the MSl'. Table 4.2 shows the 
biomass prediction, catch estimates together with BMS Y and MS Y for the four species and 
Combined Tilapia stock. 
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Table 4.2 Biomass prediction, expected catch together with BMSY and MSY for the 
~ . d G b" d T,"l . k . h 1 our specaes an om me 1 ap1a stoc USID2 C&tC strate2}' • 
Sl l:Nilotica TA urea I:Zillii I:Galilea Combined Tilapia 
Years biomass catd biomass catd biomass catc~ biomass cat et biomass catct 
1998 8.95 0 11.50 0 6.94 0 4.23 0 35.24 0 
1999 14.78 4.60 17.34 5.39 10.92 3.40 5.12 1.78 55.05 17.18 
2000 17.74 5.52 18.31 5.69 12.50 3.89 5.39 1.68 61.35 19.15 
2001 20.81 6.47 19.04 5.92 14.11 4.39 5.19 1.61 66.99 20.91 
2002 23.83 7.41 19.57 6.09 15.70 4.88 5.01 1.58 11.19 22.41 
2003 26.62 8.28 19.94 6.20 17.21 5.35 4.98 1.55 75.69 23.62 
2004 29.05 9.03 20.20 6.28 18.60 5.19 4.93 1.53 78.75 24.58 
2005 31.06 9.66 20.37 6.33 19.85 6.17 4.89 1.52 81.07 25.30 
2006 32.63 10.15 20.49 6.37 20.92 6.50 4.87 1.51 82.78 25.84 
MSJ' 11.39 6.46 7.89 1.5l 27./4 
BMSY 35.42 19.89 27.45 4.84 86.94 
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Figure 4.4 Biomass prediction, expected catch together with BMSY and A1Sl' for (a) 
T.Nilotica, (b) T.Aurea, (c) T.Zillii (d) T.Galilea and (e) Combined Tilapia stock 
using first catch strategy (Sl). 
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4.4.2. Second catch strategy (S2) 
If fishing stopped for two years, the Combined Ti/apia stock would recover and reach 
to BMSY by year 2012. The results of biomass prediction, the expected catch, and the 
BMSY and MS I' for the four species and Combined Tilapia stock are listed below in Table 
4.3 and shown in Figure 4.5. The predicted catches will be equivalent to MSI' for each 
species starting from year 2012 and beyond. The Combined Tilapia stock biomass can 
recover by 2012. According to this strategy (S2), T.Nilotica biomass will exceed its BMSY 
level by 2008, T.Aurea will exceed its BMSY level by 2000, T.Zillii biomass will keep stable 
with 25 kt starting from 2011 and beyond, and T.Galilea biomass will exceed its BMSY 
level by 1999. 
Table 4.3 Biomass prediction, expected catch together with BMSY and MS I' for the 
li . d c b. d T."l . ck . h 2 our species an om me llapla sto usm~ catc strat~ • 
S2 T.Nilotica T.Aurea T. Zillii l:Ga/ilea Combined Tilapia 
Years biomass catch biomass catch biomass catd biomass catch biomass catch 
1998 8.95 0 11.50 0 6.94 0 4.23 0 35.24 0 
1999 14.78 0 17.34 0 10.92 0 5.72 0 55.05 0 
2000 23.29 7.24 23.78 7.40 16.55 5.15 6.98 2.17 80.49 25.12 
2001 26.13 8.13 22.57 7.02 18.00 5.60 6.01 1.87 82.36 25.70 
2002 28.64 8.91 21.88 6.80 19.31 6.01 5.55 1.73 83.71 26.13 
2003 30.73 9.56 21.45 6.67 20.46 6.36 5.29 1.64 84.68 26.43 
2004 32.38 10.07 21.19 6.59 21.44 6.67 5.13 1.59 85.37 26.65 
2005 33.63 10.46 21.02 6.54 22.25 6.92 5.03 1.56 85.85 26.80 
2006 34.54 10.74 20.92 6.50 22.91 7.12 4.96 1.54 86.19 26.90 
AfSY 11.39 6.46 7.89 1.5f. 27.14 
BMSY 35.42 19.89 27.45 4.84 86.94 
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Figure 4.5 Biomass prediction, expected catch together with BMSY and M.\'Y for (a) 
T.Nilotica, (b) T.Aurea, (c) T.Zillii (d) T.Galilea and (e) Combined Tilapia stock 
using second catch strategy (S2). 
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4.4.3. Third catch strategy (S3) 
If fishing stopped for three years (1998-2000), the Combined Tilapia stock can 
recover after three years. The results of biomass prediction, the catch estimates, and the 
JJMSY and MS}' for the four species and Combined Tilapia stock are listed below in Table 
4.4 and shown in Figure 4.6. It is noted this catch strategy produced catches towards MSY 
for all species at a variety of rates, but generally converging by 2001 (Figure 4.6). 
According to this strategy TNilotica biomass will exceed its BMSY level by 2003, TA urea 
will exceed its BMSY level by 2000, TZillii will keep stable with 25 kt starting from 2008 
and 7: Gali/ea biomass will exceed its BMSY level by 1999 while the Combined Tilapia 
stock will exceed the BMSYlevel in year 2001. 
Table 4.4 Biomass prediction, expected catch together with BMSY and MSY for the 
fi • d c h. d T."l . . h our specaes an om me 1 apta stock usm~ catc strat~3. 
S3 TNi/otica TA urea TZillii 7:Galilea Combined Tilnpin 
Years biomass catc~ biomass catc~ biomass catc~ biomass catc~ biomass catc~ 
1998 8.95 0 11.50 0 6.94 0 4.23 0 35.24 0 
1999 14.78 0 17.34 0 10.92 0 5.72 0 55.05 0 
2000 23.29 0 23.78 0 16.55 0 6.98 0 80.49 0 
2001 34.15 10.62 29.06 9.04 23.75 7.39 7.73 2.40 107.37 33.51 
2002 34.91 10.85 25.03 7.78 24.09 7.49 6.29 1.96 99.50 31.05 
2003 35.44 11.02 23.24 7.23 24.35 7.57 5.70 1.77 95.01 29.66 
2004 35.81 11.13 22.27 6.92 24.55 7.63 5.37 1.67 92.26 28.80 
2005 36.06 11.21 21.69 6.75 24.70 7.68 5.18 1.61 90.50 28.25 
2006 36.23 11.27 21.34 6.64 24.81 7.72 5.06 1.57 89.34 27.89 
A-1.\'Y 11.39 6.46 7.89 1.5t 27./4 
JJMSl' 35.42 19.89 27.45 4.84 86.94 
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Figure 4.6 Biomass prediction, expected catch together with BMSY and MSY for (a) 
T.Nilotica, (b) T.Aurea, (c) T.Zillii (d) T. Galilea and (e) Combined Tilapia stock 
using third catch strategy (SJ). 
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4.5. Comparison between the three catch strategies 
The three catch strategies which can achieve the biomass recovery have been 
discussed. Strategy I is non-fishing for one year (1998), strategy 2 is non-fishing for two 
years (1998-1999) and strategy 3 is stop fishing for three years (1998-2000) followed by 
fishing at MSJ' level in each case. The comparison between the three catch strategies could 
be explored through different perceptions which are: biomass recovery rate, catches and 
cumulative catches, and discounted value of catches. 
4.5.1. Biomass recovery rate 
The three catch strategies SI , S2 and S3 allow the stock to recover by 2017, 2012 
and 2001 respectively. Figure 4.7 shows a comparison between the prediction of Combined 
Tilapia stock based on the three catch strategies. See Figure 3B in Appendix B for the four 
species biomasses. 
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Figure 4. 7 Comparison between the prediction of Combined Tilapia stock based on 
the three catch strategies. 
4.5.2. Catches and cumulative catches 
It is noted that catch strategy 1 can delay the recovery of the Combined Tilapia stock 
to 2017, while catch strategies 2 and 3 can allow the Combined Tilapia biomass to recover 
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by 2012 and 2001 respectively. Figure 4.8 shows a comparison between the catches of the 
three catch strategies. It is noted that first and third strategy realise the same catch by 2006, 
while second catch strategy realise the greatest catch. ( Figure 48 in Appendix B for the 
four species catches) 
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Figure 4.9 and Table 4.5 shows a comparison between the cumulative Combined 
Tilapia catch. See Figure 58 in Appendix B for the four species cumulative catches. 
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Figure 4.9 The cumulative catch estimates of the three catch strategies for 
Combined Tilapia species. 
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T bl 4 5 C a e . ompanson b h I · C b" d T."l · red" ed catch. etween t e cumu atiVe om me 1 ap1a p1 let 
Years Cumulative catch of Cumulative catch of Cumulative catch of 
Combined Tilapia Combined Tilapia Combined Tilapia 
Strategy I Strategy 2 Strategy 3 
1998 0 0 0 
1999 17 0 0 
2000 36 25 0 
2001 57 51 34 
2002 80 77 65 
2003 103 103 94 
2004 128 130 123 
2005 153 157 151 
2006 179 184 179 
It is noted that first and third strategy realise the same cumulative catch by 2006, 
while second catch strategy realise the greatest cumulative catch by 2006. 
4.5.3. Discount rate 
The discount rate is commonly used in the literature of finance to evaluate capital 
investments. The main purpose of using the discount rate is to take into account both the 
magnitude and timing of expected cash flows in each period of an investment project's life. 
In particular, the discount rate allows us to isolate differences in the timing of cash flows for 
various investments by discounting these cash flows to their present value. The present 
quantity of the catch in kt has been used rather than its cash value during the projected years 
because there are no available prices data. Using discount rate for the value of the catch in 
pounds or the quantity of the catch in kt is the same thing because the effect of using 
discount rate is similar on values or on quantities (Ciark, 1985). 
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Table 4.6 shows a comparison between the total discounted catch of all species over 
the period 1998-2006 using different annual discount rates in steps of 5% for each catch 
strategy. 
Table 4.6 Comparison between the total discounted catch of all species using different 
d" t t fi h t h t t ISCOUn ra es or eac ea c s ral~. 
Discount rate Strategy I Strategy 2 Strategy 3 
0% 267 274 267 
5% 203 205 196 
10% 157 157 147 
15% 125 122 113 
20% 101 97 87 
25% 83 78 69 
30% 70 64 55 
35% 59 53 45 
40% 50 45 36 
45% 44 38 30 
50% 38 32 25 
Strategy 2 realises the greatest total discounted catch if the discount rate is 10% or 
less. Strategy 1 realises the greatest total discounted catch if the discount rate is greater 
than or equal 10"/o. 
Now effort control is required to achieve the catch corresponding to the chosen 
strategy to allow the stock to recover. Chapters five and six will investigate the effort 
control to achieve the catch strategies, while chapter seven will investigate the effect of 
adding uncertainty to the biomass model parameters and effort control model parameters. 
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Chapter 5 EFFORT MANAGEMENT BASED ON 
PARAMETRIC ANALYSIS. 
5.1. Effort control 
In chapter four stock management has been investigated, assuming that the catch is 
proportional to the biomass density, equal area-adjusted catchability for the four species 
and constant effort. This chapter will attempt to define the characteristics of the fleet 
required to exact the given effort. 
The future fleet must be based upon the existing fleet. Therefore, the existing 
operating fleet has been investigated to control effort in Lake Manz.ala. To control fishing 
effort some key data and information are needed such as fleet structure, vessel 
characteristics, catch per fishing unit, fishing gear utilised etc. The way to collect these data 
was through sample survey because most of these data and information are not available for 
Lake Manz.ala. The main aim of collecting Lake Manz.ala survey data was to make it 
possible to predict the individual vessel catch in relation to vessel characteristics. 
To collect these data a sample survey was carried out in 1995. The data collected 
from the survey were to help in development of lake fisheries management by studying the 
effect of vessel characteristics on the catch per vessel, using parametric and non-parametric 
analysis. The parametric analysis will be discussed in this chapter, while the non-parametric 
analysis will be discussed in chapter six. 
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5.2. Survey methodology 
During August and September 1995, a sector-by-sector sample of the lake perimeter 
was conducted. The survey covered the three sectors of the lake to assess the relationship 
between the amount of fish caught by an individual vessel and some indices of effort 
variables such as number of nets, number of fishermen, duration time per trip and number of 
mesh per 100 cm length of nets. At each sector the head of the fishermen's societies was 
interviewed and number of fishing vessels and type of fishing gear in each sector was 
established. 
A sample survey was conducted to collect the required data. A questionnaire 
(Appendix C) was designed and pre-tested on 20 sampling units. 
5.2.1. Sample size 
Even though the aim of the survey was to model the individual vessel catch in relation 
to vessel characteristics, for the sake of simplicity the sample size was calculated as if a 
simple random sample had been used to give a reliable estimate of the average catch. This 
gave a sample size 376 vessels which was feasible given the effort available for data 
collection. The actual sample size was increased by 20"/o (75 units) as a precaution to avoid 
a possibility of collecting invalid questionnaires. Based on the available data the fishing fleet 
operating in Lake Manzala consisted of 5564 fishing vessels in 1995, of which 26% were 
using Trap nets, 59% were using Stand nets and 15% were using Hook lines (Table 2.3). 
Fifty three percent of the fishing vessels operated in the Southern Sector of the lake, 32% in 
the Western Sector and 15% in the Eastern Sector. So the sample size was split in 
proportion to fleet size to represent each sector and each type of gear. At each port, a 
proportion of the incoming fishing vessels each hour was sampled in a random manner. 
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Vessels were sampled throughout the day, in proportion to the number of arrivals each 
hour. 
Fifteen invalid questionnaire sheets were rejected because some data were omitted, (8 
in Southern Sector- Stand nets, 5 in Western Sector- Trap nets and 2 in Eastern Sector-
Trap nets), these were removed from the sample, reducing the actual sample size from 451 
vessels to 436 vessels (Table 5.1). 
Table 5.1 Number of fishing units sampled according to each sector and each type of 
fishing gear in 1995. 
Southern Sector Western Sector Eastern Sector Total 
Fishing gear Number % Number % Number % Number % 
Trap nets SI ll 43 9 25 6 119 26 
Stand nets 170 38 53 12 42 9 265 59 
Hook lines 18 4 49 11 0 0 67 IS 
Total 239 53 145 32 67 IS 451 IOC 
Each vessel skipper was interviewed and the following items of information obtained 
by using the questionnaire. Variables names are in italic bold type. From the field survey the 
vessel characteristics and catch characteristics data are as follows: 
5.2.2. Vessels characteristic 
• skipper name and age. 
• type of fishing gear. 
• number of nets used per fishing trip, unit of nets for Trap nets and Stand nets and by 
hundred of hooks for Hook lines. /lets, independent variable). 
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• number of fishermen per trip per vessell(ishermen, independent variable). 
• average time per trip in hours.Quration, independent variable). 
• number of mesh in lOO cm length of nets for Trap nets and Stand nets only. (Mesh, 
independent variable) which means that high number of mesh means fine mesh size. 
• number of trips each working day, after collecting the data it is noted that there is 
one trip per day for each vessel. 
• working days each year, after collecting the data it is noted that the working days 
are virtually constant for all vessels with approximately 300 days each year. 
• fishing grounds for each sector. (Ss for Southern Sector, Sw for Western Sector and 
SE for Eastern Sector, indicator variable). 
5.2.3. Catch characteristics 
The average catch per trip in ki:(Yave, dependent variable) 
The amount of fish sold by each vessel at the end of each trip is accurately recorded, 
but it was impossible to get information about the catch composition because the vessels 
owners sell their catch to the fish manager as a lot rather than by species. 
5.2.4. Survey data analysis 
There are two ways to analyse the survey data which are as follows: 
• within each sector, using different fishing gear, or 
• across all sectors, using a single fishing gear. 
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Analysis within each sector is not reasonable because there are different types of 
variables for each type of fishing gear, such as number of Nets, which means nets for Trap 
nets and Stand nets and number of hooks for Hook lines, also number of mesh which 
appears for Trap nets and Stand nets only. So analysis across all sectors, using a single 
fishing gear will be considered. 
5.3. Fleet structure 
Fleet structure means number of vessels and vessel characteristics. Number of Nets 
has been chosen as a key variable to identifY the vessels characteristics because if the 
skippers have enough wealth they can purchase more nets to allow more fishermen to work. 
Also more nets may need longer duration time per trip. So number of fishermen as well as 
trip duration depend mainly on the number of nets. So the fleet structure can be explored 
through the relationship between each pair of the following variables: 
• number ofNets and number ofFishermen. 
• number ofNets and trip Duration. 
• number ofNets and number ofMesh (per 100 cm length of nets). 
5.3.1. Trap nets 
Table 5.2 shows number of fishermen and the number of nets per trip, the minimum 
number of nets is one net while the maximum is 150 nets. About 70% of sampled vessels 
(80 vessels) using less than 30 nets. From the raw data there is a positive relationship 
between number of nets and number of fishermen per trip where the correlation coefficient 
is 0.73. 
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Table 5.2 Number of vessels using Trap nets in relation to number of Nets and 
number of Fishermen in 1995 . 
Fishermen 1 2 3 4 s 6 7 8 9 10 Total 
Nets 
001-029 12 34 22 4 s 2 1 80 
030-059 2 10 1 1 1 1 I 17 
060-089 4 4 8 
090-119 2 I 3 6 
120-1 so 1 l 
Total 12 36 32 9 10 s l 2 l 4 112 
Table 5.3 shows the number of Nets and the Duration time per trip in hours. The 
minimum duration time per trip was 4 hours and the maximum was 18 hours. About 54% of 
sampled vessels using Trap nets fishing gear spend tOto 12 hours. From the raw data there 
is a positive relationship between number of nets and duration time per trip where the 
correlation coefficient is 0.44. 
Table 5.3 Number of vessels using Trap nets in relation to number of Nets and trip 
Duration in 1995 . 
Duration 4-6 7-9 10-12 13-15 16-18 Total 
Nets 
001-029 10 28 34 8 80 
030-059 14 l 2 17 
060-089 8 8 
090-119 4 2 6 
120-150 l l 
Total 10 28 60 12 2 112 
Table 5.4 shows the number of Nets used per trip for Trap nets fishing gear and 
number of mesh per l 00 cm length of nets. The minimum number of mesh was 25 per l 00 
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cm length of nets and the maximum was 74. About 300/o of the sampled vessels used 50 
mesh or less per I 00 cm length of nets. It is noted that from the raw data there is a negative 
relationship between number of nets and number of mesh, where the correlation coefficient 
is -0.46, which means the vessels owners who have less than 60 nets are using fine mesh to 
increase their fish catch, while the vessels owners whose have more than 60 nets are using 
50 mesh or less per 100 cm length of nets. 
Table 5.4 Number of vessels using Trap nets in relation to number of Nets and 
number of Mesh per 100 cm leng!_b of nets in 1995. 
Mesh 25-34 35-44 45-54 55-64 65-74 Total 
Nets 
001-029 4 20 44 12 80 
030-059 3 14 17 
060-089 6 2 8 
090-119 1 5 6 
120-150 1 1 
Total 2 18 36 44 12 112 
5.3.2. Stand nets 
The minimum number of Nets is one net and the maximum is 100 nets. About 77% of 
sampled vessels use less than 30 nets. From the raw data there is a positive relationship 
between number of nets and number of fishermen per trip where the correlation coefficient 
is 0.89. See Table 1C in Appendix C. 
The minimum duration time per trip was 4 hours and the maximum was 21 hours. 
About 400/o of the sampled vessels using Stand nets spend an average of 10 to 12 hours 
each trip. It is noted that some fishermen left their nets in the water to collect it next day so 
the average duration time for some vessels is up to 21 hours per trip and its duration 
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measurer the fishing time rather than the time of trip. From the raw data there is a positive 
relationship between number of nets and duration time per trip where the correlation 
coefficient is 0.81. See Table 2C in Appendix C. 
The minimum number of mesh was 25 per I 00 cm length of nets and the maximum 
was 94. About 45% of vessels in the sample used 50 mesh or less per 100 cm length of nets. 
From the raw data there is a positive relationship between number of nets and number of 
mesh per 100 cm length of nets per trip where the correlation coefficient is 0.85. See Table 
3C in Appendix C. 
5.3.3. Hook lines 
The minimum number of hooks were I 0 hundreds hooks and the maximum were 250 
hundreds hooks. About 51% ofthe sampled vessels used 10- 50 hundred hooks per trip. 
From the raw data there is a positive relationship between number of hooks and number of 
fishermen per trip where the correlation coefficient is 0.84. See Table 4C in Appendix C. 
The minimum duration time per trip was 4 hours and the maximum was 24 hours. 
About 20% of sampled vessels using Hook lines fishing gear spend 10 to 12 hours per trip. 
In the case oflong duration trips the fishermen put out their lines and collect them next day, 
those vessels owners represent about 20% of number of sampled vessels using Hook lines 
fishing gear. From the raw data there is a positive relationship between number of hooks 
and duration time per trip where the correlation coefficient is 0.89. See Table 5C in 
Appendix C. 
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5.4. Catch modelling 
The objective of the sample survey was to study the effect of variation of the vessel's 
characteristics on vessel's catch. So it was necessary to find out the best relationship 
between dependent variable (Yave) and independent variables (Nets, Fishermen, Duration 
and Mesh). Additive and multiplicative models could be considered; a linear additive model 
is not a reasonable one because the independent variables represent production factors or 
the input for fishing operators and adding number of nets to number of fishermen (for 
example) is not meaningful. Plotting Yave versus each independent variable for Trap nets 
data for example shows that the data does not follow the linear additive model pattern 
because there is no linear relationship between Y ave and other independent variables as 
shown in Figure 5.1, so the linear additive model is not a useful one for the survey data. 
Figure 5.1 shows an example of the relationship between Yave and each independent 
variable for Trap nets. The other types of fishing gear have a similar pattern. (see Figures 
I C and 2C in Appendix C) 
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Figure 5.1 Plot Yave for Trap nets versus (a) Nets, (b) Fishermen, (c) Duration 
and (d) Mesh. 
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A production function (Cobb-Douglas function) is a function to determine the relation 
between the inputs to an enterprise and its output (Koutsoyiannis, 1979). The production 
function is a multiplicative function with a multiplicative error which can be written as 
follows: 
p 
Y = aTI Xf exp• (5.1) 
i=l 
where: 
a = intercept, 
Y= dependent variable fave), 
X;'s =independent variablesQets, Fishermen, Duration andMesh), 
P's =parameters, 
i = I, 2, ... , p number of independent variables, 
e = error term, which is often assumed to be normally distributed. 
This function can be transformed to give linear additive model using logarithmic 
transformation as follows: 
LogY= Loga+ L.PLogX; +e (5.2) 
Plotting LogYave versus each independent variable for Trap nets fishing gear, for 
example in Figure 5.2, shows that the multiplicative model is a reasonable model to 
represent the survey data, because there is a nearly linear relationship between LogYave and 
each of LogNets, LogFishermen, LogDuration and LogMesh. The other types of fishing 
gear have the similar pattern. (see Figures JC and 4C in Appendix C) 
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Figure 5.2 Plot LogYave for Trap nets versus (a) LogNets, (b) LogFishermen, (c) 
LogDuration and (d) LogMesh. 
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The survey data covered three different sectors in Lake ManzaJa. A comparison 
between the three sectors with regard to their separate multiple regression of LogYave on 
LogNels, LogFishermen, LogDuralion andLogMesh is required. 
To determine whether or not there is a significant difference between sectors, we can 
examine three different models. In Model I there is one multiple regression function for the 
three sectors. In Model 2 there are three parallel multiple regression functions one for each 
sector. In Model 3 there are three different multiple regression functions one for each 
sector. These models are as follows: 
Modell: 
LogYave = a+ fl.LogNels + P2LogFishermen + ALogDuralion + P4 LogMesh + e 
Model2: 
LogYave =a+ fl.LogNels + ALogFishermen + ALogDuralion + ALogMesh 
+~Ss+ P6 Sw + e 
Model3: 
LogYave = a+ fl..S8 LogNels + AS8 LogFishermen + AS8 LogDuration + ~S8LogMesh 
+ !l,SwLogNets + 4.SwLogFishermen + ~wLogDuralion + ~SwLogMesh 
+ ASELogNets + fl..oSELogFishermen + f3.. 1SELogDuration + fJ.zSELogMesh 
+ fJ.JSs + fJ.4Sw + e 
Changes in Residual Sum of Squares and degrees of freedom are used for testing the 
difference between models assuming errors are Normally distributed. The F-statistic can be 
used compare models. 
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5.4.1. Trap nets 
Table 5.5 shows the analysis of variance infonnation from the three models for Trap 
nets data. 
T bl 55 A I . f a e • nalySIS 0 . fi fi vanance m ormatJon or Trap nets. 
Source df ss MS 
Model 1 4 16.677 4.169 
Residual 107 1.428 0.013 
Model2 6 16.909 2.818 
Residual 105 1.197 0.011 
Model3 14 17.314 1.238 
Residual 97 0.776 0.008 
Using these results to compare between models can be as follows: 
• ParaUelism: 
F(Mode/3 Mode/2) = (1.197- 0.776) I (14- 6) = 6.33 
, 0.008 
F value is greater than the critical value of F statistic ( F..97, 0_9_~ =2. 02), so there is a 
strong evidence to reject the idea of common coefficients for the three sectors. Because the 
common coefficients idea had been rejected, there is no need to check the coincidence of 
the three sectors. 
From this analysis Model 1 and Model 2 are not adequate for Trap nets fishing gear 
data, while Model 3 is adequate comparing with Model 1 and Model 2. The parameters 
estimation of Model 3 are listed below in Tabli.6. 
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Table 5.6 Modell parameters estimation for Trap nets (* not significant) 
Variables Estimation 
Constant of Ss -3.824* 
Constant of Sw -2.597* 
Constant of SE 0.101* 
SsLogNets -0.051 * 
SwLogNets -0.085* 
SELogNets 0.172* 
Ss LogFishermen 0.711 
Sw LogFishermen 0.637 
SE LogFishermen -0.056* 
Ss LogDuration 2.497 
Sw Log Duration 0.513* 
SE LogDuration 1.810 
SsLogMesh 1.206 
SwLogMesh 1.859 
SELogMesh -0.459* 
From Table 5.6, Southern Sector coefficient, Western Sector coefficient, Eastern 
Sector coefficient, LogNets in the three sectors, LogFishermen in Eastern Sector, 
LogDuralion in Western Sector and LogMesh in Eastern Sector are not significant. Because 
there are some variables not significant in a sector while it is significant in other sectors, the 
need to estimate common parameters for each two sectors together to establish whether the 
effect of each explanatory variable is the same in each sector in which it has a significant 
effect (common parameters for two sectors). So new indicator variables must be created. 
The definition of the new indicator variables can be as follows: Ssw for Southern or Western 
Sector, SsE for Southern or Eastern Sector and SWE for Western or Eastern Sector. So 
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Model3 can be reduced to the following models: 
Model3.1: combine Southern Sector and Western Sector together 
LogYave =a+ fl.SswLogNets+ A.Sswl.ogFishernrzn+ ~SswLogDtnation+ ASswLogMesh 
+AS 5 LogNets + ft.S 5 l.ogFishermen + {l,S 5 LogDtuation + flsS 5 LogMesh 
+ASsw +e 
Model3.2: combine Southern Sector and Eastern Sector together 
LogYave =a+ fJ.SSELogNets+ A_SSEI.ogFishennen + ~SSELogDuration+ ASSELogMesh 
+ /l,SwLogNets + ft.Swl.ogFishermen + {l,SwLogDura/ion + flsSwLogMesh 
+ASSE +e 
Model3.3: combine Western Sector and Eastern Sector together 
LogYave =a+ fJ.S,mLogNets + flzSWEI.ogFishermen + ASWELogDtualion + AS,mLogMesh 
+ /l,S sLogNets + ft.S sl.ogFishennen + {l,SsLogDiuation + flsS sLogMesh 
+ASWE +e 
The results of comparing Model 3 with Models 3 .I, 3.2 and 3.3 are as follows: 
F (Model3,Model3.1)=7.56 
F (Model 3, Model3.2) = 9.50 
F (Model 3, Model 3.3) = 3.13 
Comparing these F values with F, 9109~ = 2.29, one can conclude that Model 3 is still 
the better model comparing with Models 3.1, 3.2 and 3.3. 
Back to Model 3 (Table 5.6) one can suggest improving the model by: 
• LogNets can be dropped out from Model 3 because it is not significant in the three 
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sectors 
• Southern and Western Sectors could be combined together fcfwgFishermen. 
• Southern and Eastern Sectors could be combined together frk.og/Juralion. 
• Southern and Western Sectors could be combined together fcfwgMesh. 
So according to that Model 3 could reduced to Model 3.4 which can be expressed as 
follows 
Model 3.4 for Trap nets 
Log Y ave = a + fl.S swLogFishermen + flzS SELogDuralion + flzS swLogMesh 
+ f3.tSsw + IJ,SSE + e 
Comparing Model 3 with Model 3.4 gave the following result: 
F(Model 3, Model 3.4) = 0.60 which is less than ~.97• 0 _9, = 1.91, so Model 3.4 is 
better than Model 3. 
Residual scatter plot of Model 3.4 versus predicted LogYave (Figure 5.3) for Trap 
nets, shows that there is no pattern of the residuals and the negative and positive residuals 
are balanced, so the error term e have constant variance for all levels of the independent 
variables can be accepted. 
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Figure 5.3 Residual plot vs. predicted LogYave of Trap nets using Model3.4. 
Figure 5.4 shows that the normal probability plot of residuals for Trap nets which 
produce a straight line to ensure the normality of the residuals, In spite of there were few 
observations produced residuals greater than 2 in absolute value which look like outliers, 
using Shapiro-Wilks Goodness-of-Fit statistic to test the normality of the residuals 
(Madansky, 1988) produced P-value greater than 0.05, so there is no evidence that the 
distribution ofresiduals varies significantly from normal distribution. 
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Figure 5.4 Normal Probability plot for residual of Trap nets using Model 3.4 
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5.4.2. Stand nets 
The same analysis has been carried out for Stand nets fishing gear data. The best 
model for it can be expressed as follows: 
Model 3.5 for Stand nets 
LogYave = a+ fJ..SsLogNets+ PzSwLogNets+ ASELogNets + P4SswLogFishennen 
+ PsSsLogDuration + P6SsLogMesh + P7S 51v + fJ.SSE 
Scatter plot of the residuals versus predicted LogYave (Figure 5.5) for Stand nets 
shows that the residual have sinusoidal pattern, so the assumption of linearity can not be 
accepted. Stand nets data need more complicated model than a linear multiple regression 
model. 
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Figure 5.5 Residual plot vs. predicted LogYave of Stand nets using Model3.5. 
Figure 5.6 shows that the normal probability plot of residuals for Stand nets to test 
the normality of the residuals. In spite of there were few observations produced residuals 
greater than 2 in absolute value which look like outliers, Shapiro-Wilks Goodness-of-Fit 
statistic produced P-value greater than 0.05, so there is no evidence to reject the idea that 
the residuals are nom1ally distributed. 
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Figure 5.6 Normal Probability plot for residual of Stand nets using Model 3.5. 
5.4.3. Hook lines 
Hook lines data does not include the variable Mesh and also Hook lines fishing gear 
does not operate in Eastern Sector. So Hook lines model can be the same as Trap nets or 
Stand nets model except it will not include variable Mesh and indicator variable for Eastern 
Sector. According to F values Model 3 can be accepted as an adequate model for Hook 
lines comparing with Model 1 and Model 2. But in Model 3 for Hook lines LogDuration in 
Western Sector is not significant variable, so this model can be reduced to the following 
form: 
Model 3.6 for Hook lines 
LogYave = a + fl.SsLogNets + ASsLogFishermen + ASsLogDurafion 
+ P4 SwLogNets + P~SwLogFishermen +P6Ss + e 
Scatter plot of the residuals versus predicted LogYave (Figure 5.7) of Model 3.6 for 
Hook lines shows that the residuals have a sinusoidal pattern, so the assumption of linearity 
can not be accepted. So Hook lines data may need more complicated model like Stand nets 
data. 
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Figure 5.7 Residual plot vs. predicted LogYave of Hook lines using Model3.6. 
Figure 5.8 shows that the normal probability plot of residuals for Hook lines to test 
normality of the residuals. In spite of there were few observations produced residuals 
greater than 2 in absolute value which look like outliers, Shapiro-Wilks Goodness-of-Fit 
statistic produced P-value greater than 0.05, so there is no evidence to reject the idea that 
residual are normally distributed. 
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Figure 5.8 Normal Probability plot for residual of Hook lines using Model 3.6. 
On the basics of statistics tests Model 3 .4 for Trap nets, Model 3. 5 for Stand nets and 
Model 3.6 for Hook lines are good models for the three fishing gear data. However to 
control the fishing effort in practice a model including all explanatory variables is required, 
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because if the non-significant variables are removed from the model people behaviour can 
change to fish more without control the number of Nets, number of Fishermen, trip 
Duration or number of Mesh. So the model which include all explanatory variables will be 
used to evaluate the regression model and then to estimate catch per vessel in the fleet 
control model below. The parameters estimation for that model for each type of fishing gear 
are listed below in Table 5.7. 
Table 5. 7 Parameters estimation using Model 3 for each type of fiShing gear (* not 
si20ificant). 
Variables Trap nets Stand nets Hook lines 
Constant of Ss -3.824* 0.131 * -2.206 
Constant of Sw -2.597* 1.666 -0.480 
Constant of SE 0.101* -1.215 not included 
SsLogNets -0.051 * 0.597 1.079 
SwLogNets -0.085* 0.728 0.283 
SELogNets 0.172* 0.329 not included 
Ss LogFishermen 0.711 0.519 -1.131 
Sw Log Fishermen 0.637 0.416 0.992 
SE LogFishermen -0.056* -0. 134* not included 
Ss Log Duration 2.497 .512 1.903 
Sw LogDuration 0.513* -0.235* 0.651 * 
SE LogDuration 1.810 0.887* not included 
SsLogMesh 1.206 0.071 not included 
SwLogMesh 1.859 -0.029* not included 
SELogMesh -0.459* 0.887* not included 
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5.5. Catch model validation 
Multiple regression model has been used to estimate the parameters and it will use to 
predict catch per individual vessel. However, a regression model deemed to be an adequate 
predictor of the dependent variable may perform poorly when applied in practice. "There is 
no assurance that a model that fits the sample data well will be a successful predictor of the 
dependent variable when applied to new data. For this reason, it is important to assess the 
validity or reliability of the model in addition to its adequacy before using it in practice" 
(Mendenhall, 1989). Model validation is an assessment of how the fitted model will perform 
in practice, that is how successful it will be when applied to new or future data. Where it is 
impossible or impractical to collect new data, the original data can be split into two parts, 
with one part used to estimate the model parameters and the other part used to assess the 
fitted model's predictive ability and to estimate the error distribution. There are many 
methods for evaluating reliability of a model based on split samples or re-sampling the data 
such as: (I) split sample or hold-out validation, (2) cross validation and (3) Shrinkage 
statistic. (Kieinbaum and others, 1998). 
Split sample is the most commonly used method for evaluating reliability of a model. 
The technique involves splitting the data into two sets, the estimation data set (EDS) and 
the validation data set (VDS), using EDS to fit a model, then estimating the error from 
YDS. The disadvantage of split sample validation is that it reduces the amount of data 
available for the parameter estimation and for the validation. 
Cross validation is an improvement on split sample validation which allows all of the 
data to be used for estimation. The disadvantage of cross validation is that it must fit the 
model many times. In K-part cross validation, the data is divided into K subsets of 
approximately equal size. Each iteration leaves out one of the subsets, fits a model to the 
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remaining subsets and uses only the omitted subset to compute the error. If K equals the 
sample size, this is called "Leave-one-out" cross validation. "Leave-V-out" is a more 
elaborate version of cross validation that involves leaving out each subset of V cases. Leave 
one out cross validation often works well for continuous error functions such as the mean 
squared errors (MSE). 
Shrinkage statistics depends on splitting the sample data into two approximately 
equal data sets. The first data set (EDS) is used to fit a model. Then the squared multiple 
correlation between the observed and predicted response values, which will be called R 2 (I) 
is calculated. Next the prediction equation from the first data set EDS is used to compute 
predicted values for the second data set (VDS). Finally compute the squared multiple 
correlation between these predicted values and the observed response in VDS, which will be 
called R!(2). The quantity R!(2) is called cross validation co"elation and the quantity 
R2 (I)- R] (2) is called shrinkage on cross validation. "The cross-validation correlation 
R] (2) is a less biased estimator of the population squared multiple correlation than is the 
(positively) biased R 2 (I). Hence, the shrinkage statistic is almost always positive. How 
large must shrinkage be to cast doubt on model reliability? No firm rules can be given. 
Certainly the fitted model is unreliable if shrinkage is .90 or more. In contrast, a shrinkage 
values less than .I 0 indicate a reliable model." (Kieinbaurn, Kupper, Muller and Nizam, 
1998). 
Cross validation and shrinkage statistic can be used for the sample data to check the 
reliability of the regression model. 
5.5.1. Applying cross validation 
Cross validation has been applied to the survey data for each gear in each sector. 
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When the survey data were collected, the actual sample size was increased by 20% as a 
precaution to avoid an possibility of collecting invalid questionnaires and to use the 
additional observations to check the validity of a model. So, each data set for each gear in 
each sector was split to 5 parts. But as Efron in 1982 suggested to split the data to 1 0 parts, 
each data set was also split to 10 parts. So applying cross validation will include splitting 
the data to 2 parts to compute shrinkage statistic, to 5 parts according to the data collected 
assumption and to 1 0 parts according to Efron suggestion and a comparison between these 
procedures will be carried out. The steps of applying cross validation can be summarised as 
follows: 
1. Split the data to K (2, 5,and 10) parts randomly. 
2. Leave first part out (validation data set VDS), use the remaining parts 
(estimation data set EDS) to estimate the parameters of the multiple linear regression 
(using all explanatory variables) and calculate the mean squared error (MSE) of the 
EDS. 
3. Use the estimated parameters from the previous step to predict the values of 
the response using given values of the independent variables in the VDS and calculate 
MSE of the VDS, and calculate shrinkage statistics if K = 2. 
4. Repeat steps 2 and 3 until each part has been left out. So, each iteration 
produces K values of MSE for VDS and another K values ofMSE for ESD. 
5. Repeat all the previous steps 200 times as suggested by Efron and Tibshirani in 
1993. 
These procedures have been applied to each data set for each fishing gear in each 
sector. The next section is the illustration in detail for applying cross validation to Trap nets 
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in Southern Sector as example. 
5.5.1.1. Splitting the data to 2 parts 
To avoid any error in splitting data into two approximately equally parts and to have 
the same base to compare this analysis (splitting the data into 2 parts) with the other 
analysis (splitting the data into 5 and 10 parts), this test was repeated 200 times, each time 
the data set being split randomly. 
It is noted that MSE of VDS is higher than MSE of EDS, their ratio varies from 
124% to 200%. Also it is found that 6 iterations ofVDS (3%) produced normal residual (P-
value of Shapiro-Wilks Goodness-of-Fit statistic greater than 5%). It is found that the 
minimum value of shrinkage statistic was 0.000147 while the maximum was 0.058880, 
which means that the multiple regression is reliable model for prediction. 
5.5.1.2. Splitting the data to 5 parts 
By comparing MSE of EDS and VDS, it is found that MSE of VDS is higher than 
MSE of EDS. Their ratio varies from 178% to 182%. Also it is found that 39 iterations 
(19.5%) produced normal residual (P-value of Shapiro-Wilks Goodness-of-Fit statistic 
greater than 5%). 
5.5.1.3. Splitting the data to 10 parts 
By comparing MSE of EDS and VDS, it is found that MSE of VDS is higher than 
MSE of EDS. Their ratio vary from 148% to 188%. Also it is found that 29 iterations 
(14.5%) produced normal residual (P-value of Shapiro-Wilks Goodness-of-Fit statistic 
greater than 5%). 
The summary of applying cross validation with splitting the data into 2, 5 and I 0 parts 
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using multiple regression model for Trap nets in Southern Sector are listed below in Table 
5.8. 
Table 5.8 The summary of the results of splitting the data into 2, 5 and 10 parts for 
the Trap nets in Southern Sector. 
2 parts 5 parts 10 part! 
Number of observations 51 51 51 
Number of iterations 200 200 200 
Minimum value of MSE of VDS 0.068 0.064 0.068 
Minimum value ofMSE ofEDS 0.055 0.036 0.046 
Minimum ratio ofMSE ofVDS/MSE ofEDS 124% 178% 148o/i 
Maximum value ofMSE ofVDS 0.190 0.160 0.160 
Maximum value ofMSE ofEDS 0.095 0.088 0.085 
!Maximum ratio ofMSE ofVDS/MSE ofEDS 200% 182% 188o/i 
Proportion of iterations produced normal residua 3% 19.50% 14.50o/i 
The same analysis has been investigated for each fishing gear data set in each sector 
and all results are similar to the results mentioned above. From these results splitting the 
data into 2 parts was used to confirm the reliability of the catch model for prediction which 
ensure that the multiple regression catch model are reliable for prediction. Splitting the data 
to 5 parts has been performed because when the survey data were collected the actual 
sample size was increased by 20% as a precaution to avoid an possibility of collecting 
invalid questionnaires and to use the additional observations to check the validity of a 
model. 
5.6. Effort control using parametric model 
Now that the regression model has been confirmed as reliable for prediction, it can be 
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used to calculate the fleet size required to achieve a catch of MSY if the stock is at BMSY 
leveL This will be based upon the detenninistic mode~ while the effect of uncertainty will be 
covered in chapter seven. 
Effort control will control the existing operating fleet by using the existing operating 
fleet specification and limiting the number of Nets, number of Fishermen, trip Duration and 
number of Mesh. The multiple regression model with all explanatory variables will be used 
to predict the individual vessel catch per trip (total catch of all species) for each fishing gear 
in each sector. According to survey data analysis, the individual vessel catch depends on 
type of fishing gear, fishing sector and vessels characteristics (number of Nets, number of 
Fishermen, trip Duration and number of Mesh). The fleet model aims to control fishing 
effort by controlling characteristics of each vessel and fleet size to catch a certain amount of 
fish to conserve fish stocks. All catch strategies use a constant fleet size once the fishing re-
start. 
The biomass model has been applied to four species of Tilapia species, but the fleet 
can catch all species. So an estimate of the Total Tilapia catch is required. From the catch 
time series ( 1977 -1997) the total Tilapia catch average was 77% of all species catch, while 
this proportion was 67% during the period 1989 to 1997. Comparing the proportion of the 
catches of Tilapia and the non Tilapia species with the all species catch over the study 
period, it is noted that there is a complex interaction between Tilapia and non Tilapia 
catches. The catch proportion of non Tilapia to all species catch was nearly constant during 
1977 to 1987, then it showed a small increase during 1988 to 1997. This may have 
happened because the Tilapia species growth has been suppressed by the increased 
proportion of non Tilapia species, or it may be due to the growth ofnon Tilapia species at 
different rate. There are two assumptions that could be made in future predictions, as stock 
recover, the proportion of Tilapia to all species will return to the previous level, or as 
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stocks recover the proportion will remam around more recent level. The complex 
interaction between Tilapia and non Tilapia catches will not explained in this study. So 
Total Tilapia catch can be estimated by multiplying the fleet catch (all species catch) by 
0.67 because this proportion (1989-1997) is closer to the future and the stock recovery 
need a short period 3 to S years. Then the estimates of Total Tilapia catch can be split to 
the four species catches based upon the proportion of the biomasses in the end of the 
preVIOUS year. 
From the survey data the maximum annual working days are 300 days per year (one 
trip per day). The maximum annual working days are assumed to be 300 days in each 
projected year. 
5.6.1. Mesh control 
In a study carried out by National Institute of Oceanography and Fisheries in 
Alexandria (1994), it concluded that the best mesh dimensions to protect Tilapia species 
stocks is 2-2.5 cm, which means about 40-SO mesh per 100 cm length of nets. So the 
maximum allowable number of mesh per 100 cm length of nets must be SO. This study will 
confine itself to strategies which include this restriction. However, the modelling 
methodology would allow any restriction on the number of mesh. 
5.6.2. Limits of individual vessels 
Effort control will be achieved by allowing the vessels to fish with the same vessels 
characteristics as the 199S fleet, but controlling number of vessels. From the survey data the 
upper limits for number of Nets and Fishermen were used to control effort, while the 
Duration time was reduced to IS hours per trip for Trap nets and Stand nets, and 18 hours 
per trip for Hook lines, to be similar to trip duration in other lakes in Egypt. Table S.9 
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shows the upper limit for the vessel characteristics which any skipper must not exceed. This 
means that if a skipper currently exceeds the following limits he may be allowed to fish, but 
only if he restrict his operating characteristics to be equal the following limits. 
T bl 59 U r · ti a e . Jpper 1m1ts or eac b" d m epen d t . bl eo vana e. 
Gear and sector Nets Fishermen Duration Mesh 
Trap south ISO 10 15 50 
Trap west 150 10 15 50 
Trap east ISO IO IS 50 
Stand south 100 IO 15 50 
Stand west IOO 10 IS 50 
Stand east IOO 10 IS 50 
Hooks south 250 9 18 
Hooks west 250 9 18 
5.6.3. Calculation of fleet size 
Spreadsheet is a good environment to estimate the required allowable fleet siZe 
through the following steps: 
I. insert all variables (dependent and independent) for each sample vessel in a 
spread sheet. 
2. reduce the duration time per trip to IS hours for Trap nets and Stand nets if the 
duration time per trip is greater than IS hours, and reduce the duration time per trip to I8 
hours per trip if it is greater than 18 hours for Hook lines. Both number of nets and 
fishermen need no change because we use the upper limits of them from the survey data as 
the maximum allowable. 
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3. use Model 3 for Trap nets, Stand nets and Hook lines (Table 5.7) to estimate the 
individual catch per vessel for the remaining vessels, then calculate the total estimated catch. 
4. adjust the total estimated catch using the ratio of the estimated biomass in that year 
to the 1995 biomass. 
5. calculate the number of vessels required to give the planned catch on the bases of 
the fleet composition in steps I- 2 and the catch in steps 3-4. This assumes that any reduced 
or augmented fleet will have the same relative composition as the 1995 fleet. 
5.6.4. Catch strategies 
The required fleet size during projected years, estimated number of fishermen, 
expected catch of all species, estimated Ti/apia biomass and estimated all species biomass 
during 1998-2006 for the three catch strategies are shown in Table 5.10. Comparing the 
fleet size with the actual fleet size in 1997, it is noted that the fleet size for MS Y is 
approximately one third of the 1997 fleet. It has already been shown that the 1997 fleet size 
represents a high effort level and to continue using 1997 fleet size will cause further 
depletion of the stock. 
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Table 5.10 Number of vessels, estimated number of fishermen, expected catch of Total 
Ti/apia, expected catch of all species, estimated Total Tilapia biomass and estimated 
all . b' d . 1998-2006 ti h h h . spec1es 10mass urmg or t e t ree catc strategies. 
Years 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Catch strategy l 
No. ofvessels 0 1140 1140 1140 1140 1140 1140 1140 1140 
No. offishennen 0 3764 3764 3764 3764 3764 3764 3764 3764 
Total Tilapia catch 0 17.18 19.15 20.91 22.41 23.62 24.58 25.30 25.84 
All species catch 0 25.64 28.58 31.21 33.44 35.26 36.69 37.76 38.5l 
Total Tilapia biomass 35.24 55.05 61.35 66.99 71.79 75.69 78.75 81.07 82.7~ 
All species biomass 52.60 82.16 91.57 99.98 107.14 112.97 117.54 120.99 123.55 
Catch strategy 2 
!No. ofvessels 0 0 1140 1140 1140 1140 1140 1140 114C 
INo. offishennen 0 0 3764 3764 3764 3764 3764 3764 3764 
Total Tilapia catch 0 0 25.12 25.70 26.13 26.43 26.65 26.80 26.9C 
All species catch 0 0 37.50 38.36 39.00 39.45 39.77 39.99 40.15 
Total Tilapia biomass 35.24 55.05 80.49 82.35 83.71 84.68 85.37 85.85 86.19 
All species biomass 52.60 82.16 120.13 122.92 124.94 126.39 127.42 128.14 128.64 
Catch strategy 3 
No. ofvessels 0 0 0 ]]40 1140 1140 1140 1140 1140 
No. offishennen 0 0 0 3764 3764 3764 3764 3764 3764 
Total Tilapia catch 0 0 0 33.51 31.05 29.66 28.80 28.25 27.89 
All species catch 0 0 0 50.02 46.35 44.26 42.98 42.16 41.62 
Total Tilapia biomass 35.24 55.05 80.49 107.37 99.50 95.01 92.26 90.50 89.34 
All species biomass 52.60 82.16 120.13 160.26 148.50 141.81 137.70 135.07 133.35 
Strategy 1, strategy 2 and strategy 3 are compared in Table 5 .11. This comparison is 
made on the basis of the expected catches (chapter four) and cumulative fishennen-years as 
a guide to the social impact in tenns of unemployment. 
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Table 5.ll Cumulative aU species catch, number of vessels-years and number of 
fib fi h h IS ermen-years or eac catc strategy. 
Strategy I Strategy 2 Strategy 3 
Year Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative 
vessels-years f!Shermm- catm of all vessels-years f!Shermm- calm of all vessels-years fishermm- calm ofoll 
years specit'S years specie; years speci<S 
1998 0 0 0 0 0 0 0 0 0 
1999 1140 3764 26 0 0 0 0 0 0 
2000 2280 7528 54 1140 3764 37 0 0 0 
2001 3420 11292 85 2280 7528 76 1140 3764 5(] 
2002 4560 15056 119 3420 11292 115 2280 7528 9(j 
2003 5700 18820 154 4560 15056 154 3420 11292 141 
2004 6840 22584 191 5700 18820 194 4560 15056 184 
2005 7980 26348 229 6840 22584 234 5700 18820 226 
2006 9120 30112 267 7980 26348 274 6840 22584 267 
It is clear that strategy 1 and 3 are similar on the basis of producing the same amount 
of the catch, while strategy 2 realises the greatest amount of the catch and also realises the 
greatest total discounted catch if the discount rate is 1 00/o or less as mentioned in chapter 
four. Strategy 1 realises the greatest total discounted catch if the discount rate is greater 
than or equal 1 0% as mentioned in chapter four. Because strategy 1 allows fishing to start 
earliest, it allows the greatest cumulative employment in terms of both fishermen-years and 
vessels-years. Because strategy 3 prevents fishing for an addition two years, it gives the 
lowest cumulative employment. Strategy 2, which has the advantage of the greatest 
cumulative catch, has an intermediate level of cumulative employment over this time period. 
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CHAPTER 6 EFFORT MANAGEMENT BASED ON 
NON-PARAMETRIC ANALYSIS 
6.1. Introduction 
A production function is a reasonable way to represent the relationship between 
the dependent variable and independent variables because the plot of the dependent 
variable versus each independent variable in logarithm scale showed an approximately 
linear relationship. In chapter five, multiple regression analysis was carried out for the 
survey data of Lake Manzala by using a multiple log function to represent the 
relationship between the catch average and the fishing effort variables 
( LogY = Loga + L/3;LogX; +e). In despite of using multiple log function there was still 
some curvature which can not be ignored. So some other non-linear modelling is 
necessary to pick the data curvature. This chapter describes the use of generalised 
additive model for the purpose of improving the linear model. 
There has been limited research using generalised additive models (GAM) in 
fisheries. Borchers, Buckland and Ahmadi (1996) conducted a study on improving the 
precision of the daily egg production estimation using generalised additive model for 
western mackerel and horse mackerel stocks. The application of generalised additive 
model to survey data produced a substantial reduction in coefficients of variation of egg 
abundance. They used generalised additive model methods to estimate the daily egg 
production, in which presence/absence is modelled separately from non zero 
observations and used a new form of the bootstrap which accommodated clustered count 
data without requiring explicit knowledge of the form of clustering. In addition to the 
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increased estimation precision, the use of generalised additive models have several 
advantages over stratified sample survey methods. To a large degree they allow the data 
to determine the function form of the response on the explanatory variables and they 
accommodate a wide variety offorms ofstochastic variation ofthe response. 
Swartzman, Silverman and Williamson (1994), used generalised additive models 
to model the trend in mean abundance of Bering Sea walleye pollock as a function of 
ocean environmental conditions including water column depth, temperature at 50 m and 
depth of the thermocline. Acoustic survey data collected in 1988 and 1991 was used to 
test these relationships. The authors assumed that the biomass abundance estimate came 
from a normal distribution. They chose the logarithm of bottom depth as a covariate 
instead of depth to avoid having the large range of depth overemphasise the effect of 
points near the tail of the distribution. The generalised additive model was applied to 
both 1988 and 1991 data. In both surveys, all explanatory variables were significant 
except thermocline depth. 
Swartzman, Stuetzle, Kulman and Powojowski (1994) used generalised additive 
models to explore the relationship between the distribution of pollock schools in the 
Bering Sea and environmental factors such as depth and temperature. They assumed that 
the school density came from the Poisson distribution, while normality was assumed for 
total school area and average school mass. 
Swartzman, Huang and Kaluzny (1992) applied generalised additive models to 
trawl survey data in the eastern Bering Sea to detect trends in ground fish distributions 
and improve abundance estimates by including the trend. Generalised additive models 
provided reasonable fits to the spatial distribution of five flat fish species and was able to 
define a spatial signature for each species, namely their preferred depth and temperature 
range. 
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6.2. Generalised Additive Model 
Generalised linear model can be used if the relationship between the response and 
the explanatory variables is not linear (Green and Silvennan, 1995). So a linear model 
can extend to a generalised linear model by using the following fonnula: 
p 
Y = g-1(a +LAX.)+ e 
i=l 
where 
Y is a dependent variable, 
g is a link function (in generalised linear model the link function is known), 
a is intercept, 
{3; is a parameter, 
X is independent variable, 
e is an error term, which does not have to be Nonnally distributed. 
By using generalised linear model, data can be fitted with Gaussian, Binomial, 
Poisson, Gamma or inverse Gaussian error which extends dramatically the kind of data 
for which one can build regression models. 
Even with a non-linear link function the model linearity assumption imposes many 
restrictions on the relationships between the dependent and independent variables that 
can be studied. "In some cases it is possible to use a transfonnation of an independent or 
dependent variable to partially alleviate the problem, but in other cases, non-linearities 
in these relationships may be difficult or impossible to state analytically" (Spector, 
I 03 
1994). In such cases the class of models known as generalised additive model can be 
used to overcome this difficulty by modelling the relationship a dependent variable in 
the following way: 
p 
Y=g-1{a+ Lf.(X;)}+e 
i==l 
where: 
./; ( • )s are unknown functions which can be determined by the nature of the 
relationship between the dependent and independent variables, 
e represents the error term of the model. 
In the generalised additive model there is no need to determine the exact analytical 
form of the transformation of the independent variables used in the additive part of the 
model. The modelling process finds those transformations that are most appropriate and 
the nature of the relationship can be viewed graphically. In applying generalised additive 
models there are two kind of variables to enter the formula: 
• variables for which the function f. (X;) is known; they are entered in generalised 
additive model formula, as linear effect as in a regression model, and 
• variables for which the function f. (X;) is unknown; they can be estimated using 
a smoothing function. 
6.3. Smoothing 
A 'smoother' is a tool for summarising the value of a dependent variable Y as a 
function of a predictor variable X A 'smoother' is a non-parametric regression 
technique because it does not assume a rigid form for the dependence of Y on X A 
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smoother is useful in two ways, first as a descriptive tool to help eyes to pick out the 
relationship between Y and X from the scatter plot and second to estimate the 
dependence of the mean of Y on the predictor which can help for estimation of the 
additive models. There are several methods of smoothing of which cubic smoothing 
spline and locally weighted regression smoothing are probably the most well known 
methods. "The spline smoothing approach avoids this implausible interpolation of the 
data by quantifying the competition between the aim to produce a good fit to the data 
and the aim to produce a curve without too much rapid local variation." (Hardle, 1995). 
So cubic smoothing spline was preferred. 
6.3.1. Cubic smoothing spline 
The cubic smoothing spline is a powerful and robust non-parametric regression 
technique that allows one to uncover the function form of the dependence between 
predictor and response variables. The smoothing that non-parametric regression 
performs can be thought of as a process where each data point is replaced by a local 
average of the surrounding data points. Different non-parametric regression techniques 
define and calculate this local average in different ways. The smoothing spline's 
determination of what is 'local' is based on the data itself (Silverman 1985), making it a 
particularly flexible smoother. With the underlying mathematical form of the 
interpolation spline, the smoothing spline has the ability to model a wide range of 
functional forms while the flexibility of the smoothing procedure makes smoothing 
splines especially robust. 
Like most non-parametric regression techniques, the smoothing spline is itself a 
function of a smoothing parameter. This parameter determines the balance between 
fidelity to the data and the smoothness of the curve. Consequently, the successful use of 
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smoothing splines to separate the signal from the noise depends on the choice of the 
n 
'optimal' smoothing parameter. The residual sum of squares L(yi- f(xi)) 2 (where 
j=l 
y i and xi are /h observations of the dependent variable Y and independent variable X 
respectively and n is the number of observations) is a measure of fidelity of the 
smoothed curve to the data. "If f is allowed to be any curve then the distance measure 
can be reduced to zero by any f that interpolates the data. Such a curve would not be 
acceptable on the grounds that it is not unique and that it is too rough for a structure 
oriented interpretation." (Hardle, 1995). To quantify local variation one must define 
measures of roughness which may be based on the first, second and subsequent 
derivatives. The roughness f u· (tWdt can be used to determine the quantity of local 
variation (Green and Silverman, 1995). So, the residual sum of squares can be penalised 
by using the roughness as follows: 
n b 
S,.(f)=L (yj-f(x))2 +A- f<J"(tWdt 
J=l Q 
where: 
S;.(f} is the penalised sum of squares, 
A. is the smoothing parameter, which controls the trade-off between fidelity to the 
data and smoothness, 
[a, b) IS a closed interval satisfying the following condition 
a< x1 < x2 < .... < xn < b where x / s are called knots, and 
t is a target point. 
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The problem of minimising S .t ( •) over the class of all twice differentiable 
functions on the interval [a,b] = [x.,x"] has a unique solution/.t(x) which is defined as 
cubic spline. "Suppose f is any curve that is not a natural cubic spline with knots at the 
x1. Let/ be the natural cubic spline interpolant to the valuesj{.xj); since, by definition,/ 
the optimality properties of the natural cubic spline interpolate, I j"" 2 < I j" 2 , and 
hence, since!.. >0, we can conclude that S(/) < S(f). This means that, unless/itself is 
a natural cubic spline, we can find a natural cubic spline which attains a smaller value of 
" the penalised sum of squares; it follows at once that the minimizer f of S must be a 
natural cubic spline." (Green, and Silverman, 1995). So, the estimated curve /A(•) has 
the following properties: 
• f.t(x) is a cubic polynomial between two successive values of x, 
• at the observation points xi, the curve /A( •) and its first and second derivatives 
are continuous. 
• at the boundary points x1 and x" the second derivative of/.t(x) is equal to zero. 
The smoothness of the curve /A( •) depends on the value of A., There are two 
extremes for A.: 
• first when A. ~ ao, the penalty term forces j" (x) = 0 everywhere, in that case the 
smoothing produces the least squares line. 
• second when A. ~ 0, the penalty term disappears and the solution tends to an 
interpolating twice-differentiable function. 
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So large values of A produce smoother curves while smaller values produce 
rougher curves. 
6.4. Choosing the smoothing parameter 
The problem of deciding how much to smooth is of great importance in non-
parametric regression. The value of the smoothing parameter depends on the proportion 
of data points used as knots. Then the smoothing parameter has the main effect in 
determining the degrees of freedom, so when the smoothing parameter increases, the 
degrees of freedom decrease, using 50% of data points as knots corresponding to about 
four degrees of freedom, while using I 00% of data points as knots will produce a linear 
regression with one degree of freedom (Hastie and Tibshirani, 1990). So the problem is 
how one can choose the smoothing parameter to balance between degrees of freedom of 
a smoother and the smoothness of the curve. This number of degrees of freedom is a 
function of the smoothing parameter and the predictor values in the data, and it is not a 
function of the dependent variable Y. 
Choosing the smoothing parameter aims to mm1m1se the mean squared error 
(MSA] at each x 1 and give a constant variance (o-2 ) where: 
where: 
x1 is an observation of variable X 
There are many methods available to estimate the smoothing parameter A . One of 
these methods is known as "Cross Validation" which is essentially an automatic method 
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for choosing the smoothing parameter. Cross validation has been used in chapter five to 
check the reliability of the model for prediction. In this chapter cross validation will be 
used to guide the choice of the smoothing parameters. 
The basic idea behind cross validation is that for a fixed smoothing parameter, one 
point (xi,y) is left out and the smooth estimated at xi, based on the remaining (n-1) 
points. Repeating for all n points, the CV sum of squares (cross validation score 
function) can be expressed as follows: 
CV(l) = ..!_ ~ (y - J<-1>(x. ))2 
IlL. J A J 
pi 
where ft 1>(x) is the fit at xi computed by leaving out the/h data point. The idea 
of cross validation is to choose the value of smoothing parameter l which minimises the 
cross validation score function CV(l) (Hastie and Tibshirani, 1990). This procedure is 
loosely justified by the fact that E{CV(l )} "'MSE + u 2 , although a strong justification 
requires evidence that minimum of CV(l) is close to the minimum of MSE+d. 
When cross validation was used to select a smoothing parameter for Lake Manzala 
survey data (Figures 6.1 - 6.4), the spline appeared too smooth, "It can not be 
guaranteed that the function CV has a unique minimum, so care has to be taken with its 
minimisation, and simple grid search is probably the best approach" (Green and 
Silverman, 1995). Hastie and Tibshirani suggested that number of degrees of freedom 
will be {I, 4, 7} because df=I for a term means this term has a linear fit, and when df> 
I means shrinking smoother, so the larger the degrees of freedom, the rougher the fit 
The cross validation method simply gives an idea of the size of the smoothing parameter 
should be selected. So for that reasons chosen smoothing parameter value will be based 
upon a comparison between the following two criteria: 
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• using cross validation to determine the smoothing parameter value, and 
• manually using different values of degrees of freedom (I, 4 and 7). 
From chapter four the variable Sector has a significant effect on the dependent 
variable (LogYave catch average per vessel). For that reason the dependent variable will 
smooth versus each independent variable(LogNets, LogFishermen, LogDuration and 
LogMesh) in each sector separately to determine the best degrees of freedom in each 
sector. 
Using cross validation techniques to determine degrees of freedom for each 
independent variable versus the dependent variable for each type of fishing gear in each 
sector gave three degrees of freedom for all relationships between each independent 
variable and the dependent variable for each type of fishing gear in each sector. Figures 
6.1-6.4 shows the smoothing spline smoother for each independent variable (LogNets, 
LogFishermen, LogDuration and LogMesh) versus LogYave for Trap nets fishing gear in 
Southern Sector using 1, 3, 4 and 7 degrees of freedom. (see Appendix D for the other 
fishing gear in each sector). 
Figure 6.1a shows using one degree of freedom produces a straight line which is 
equivalent to linear effect. Figure 6.1 b shows that smoothing spline by using cross 
validation, where degrees offreedom was three is reasonably faithful but it does not pick 
up all the curvature of the data. Figure 6.1c shows that spline with four degrees of 
freedom, which produces a less smooth curve than three degrees of freedom had seems 
to follow the data better. Seven degrees of freedom (Figure 6.1 d) gives a rougher curve 
than using four degrees of freedom. Figures 6.2-6.4 shows the same results as Figure 
6.1. It is noted that the independent variables data points does not spread over the 
horizontal axis because those variables have discrete values. 
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Figure 6.1 Smoothing spline smoother of LogYave vs. LogNets for Trap nets in 
Southern Sector using (a) d.f=l, (b) d.f=J, (c) df=4 and (d) df=7. 
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Figure 6.2 Smoothing spline smoother of LogYave vs. LogFishermen for Trap 
nets in Southern Sector using (a) df=l , (b) df=3, (c) df=4 and (d) df=7. 
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Figure 6.3 Smoothing spline smoother of LogYave vs. LogDuration for Trap nets 
in Southern Sector using (a) df=l, (ti) df=3, (c) df=4 and (d) df=7. 
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Figure 6.4 Smoothing spline smoother of LogYave vs. LogMesh for Trap nets in 
Southern Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=7. 
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6.5. Model selection 
The dependent variable in Lake Manzala survey data is a vessel's average daily catch 
(LogYave), the errors are distributed according to the Gaussian distribution (supported by 
residual analysis in chapter 5) and the link function is identity. 
On the grounds of improving the linear model for each type of fishing gear in each 
sector, generalised additive model will be used. The initial model will be the linear model 
including all independent variables for Trap nets and Stand nets in the three sectors, while 
the initial model for Hook lines wiU not include the variable LogMesh and it operates in 
Southern and Western Sectors only. The initial model can be expressed as follows 
LogYave = a+ P1 LogNets + P2 LogFishermen + PJ Log Duration + P4 LogMesh 
To select the best non-parametric model, fitting generalised additive models was used 
in finding spline for the independent variables LogNets, LogFishermen, LogDuration and 
LogMesh, and stepwise procedure was used to decide which covariate should be included in 
the model and how many degrees of freedom to minimise the residual sum of squares. At 
each stage any covariates can be either dropped or transformed from a linear fit to smooth 
fit. 
The measure of fit of the generalised additive models is the residual deviance and 
change in deviance is useful for comparing different models. Because the error is Normally 
distributed, so residual deviance leads to F test. F statistic can be used to judge the effects 
of dropping out a variable or smoothing a variable. 
In chapter five, a complete model for each type of fishing gear in each sector had been 
chosen to predict the individual catch per vessel in spite of non significance of some 
independent variables. This model has been chosen to allow tight control of the fishing 
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effort in Lake Manzala. To compare the prediction of the effects of different effort control 
strategies using parametric and non-parametric models both must include the same 
explanatory variables. Selection of the best non-parametric model based upon dropping out 
a covariate or smoothing a covariate. This procedures could produce a model which does 
not include all explanatory variables. If the best non-parametric model include all 
explanatory variables it can be used to estimate the individual vessel catch average, but if 
not it will not be used. So a non-parametric model including all explanatory variables (call it 
non-parametric control model) is required. To select a non-parametric control model which 
include all explanatory variables, fitting generalised additive models steps were used in 
finding spline for the independent variables LogNets, LogFishermen, LogDuration and 
LogMesh to decide how many degrees of freedom to minimise the residual sum of squares. 
At each stage any of the covariates can be transformed from a linear fit to smooth fit 
without dropping out a covariate. 
6.5.1. Model selection for each fishing gear 
Backward and forward stepwise selection was carried out to select the best non-
parametric model and the same procedure was repeated without omitting any covariate to 
select the control model. 
The comparison between the initial linear model, non-parametric models which 
includes all independent variables with 3, 4 and 7 degrees of freedom, the best model non-
parametric and the control model (if the best non-parametric model does not include all the 
explanatory variables) are listed below in Table 6.1 for the Trap nets in each sector together 
with F value of the results of comparing the initial model with the other models (for 
example, see Tables ID and 2D in Appendix D for the other fishing gear). From this table 
there is a significant difference between the initial model and the best model. Also the best 
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non-parametric models for Trap nets in Southern Sector and Western Sector include all 
explanatory variables, so there is no need to select a control model for them and the best 
non-parametric model can be used to control the effort. While the best non-parametric 
model for Trap nets in Eastern Sector does not include the variable LogMesh so the control 
model is required for this fishing gear in that sector. 
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T bl 61Th a e . f I f T t fi h' e mam steps o usmg stepwJSe se ec 1on rap ne s 1s me gear. 
Model Deviance df.residual A Deviance Adf Fvalue 
Trap Initial model with df=1 0.331 46 
South Model with df=3 0.084 38 0.247 8 4.291 
Model with df=4 0.077 34 0.254 12 2.942 
Model with df=7 0.066 25 0.265 21 1.754 
Best model LogYave = p1 LogNets + s(LogFishermen, df=3) + fh LogDuration + P4 LogMesh 0.107 44 0.224 2 15.565 
Trap Initial model with df=1 0.171 37 
West Model with df=3 0.039 25 0.132 12 2.380 
Model with df=4 0.032 21 0.139 16 1.880 
Model with df=7 0.023 9 0.148 28 1.144 
Best model LogYave = p1 LogNets + s(LogFishermen, df=4)+ p3 LogDuration + p4 Log Mesh 0.047 30 0.124 7 3.833 
Trap Initial model with df=1 0.274 18 
East Model with df=3 0.041 10 0.233 8 1.913 
Model with df=4 0.033 6 0.241 12 1.342 
Model with df=7 0.016 2 0.258 16 1.040 
Best model LogYave = s(LogNets, df=3) + s(LogFishermen, df=1) + fh LogDuration 0.064 17 0.210 1 13.796 
control model LogYave =s(LogNets, df=4) + /12 LogFishermen + fh LogDuration + /34 LogMesh 0.057 16 0.217 2 7.128 
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From chapter five Trap nets (Figure 5.4) there was no pattern in the residuals, but the 
residuals of Stand nets and Hook lines had a sinusoidal pattern. Figure 6.5 shows the 
residuals plot of LogYave versus predicted values for the best non-parametric model for 
Stand nets in Southern, Western and Eastern Sectors, and Hook lines in only Western 
Sector because the best model to represent the Hook lines data in Southern Sector was the 
linear model (see Table 2D in Appendix D). It is clear that there is now no pattern in the 
residuals in the three sectors for Stand nets and in Western Sector for Hook lines. So 
generalised additive model has followed the underlying non-linearity in these data. 
Figure 6.6 shows the normal probability plot of residuals for the best non-parametric 
model for Stand nets in Southern, Western and Eastern Sectors, and Hook lines in Western 
Sector. Using Shapiro-Wilks Goodness-of-Fit statistic produced P-value greater than 0.05 
for the best non-parametric models. So there is no evidence that the residuals of the best 
non-parametric model vary from a normal distribution. 
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model of Stand nets in (a) Southern Sector (b) Western Sector and (c) Eastern 
Sector, and (d) Hook lines in Western Sector. 
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12 1 
6.6. Non-parametric catch modelling validation 
GAM used to estimate the parameters as well as to predict catch per individual vessel. 
However, GAM deemed to be an adequate predictor of the dependent variable may perform 
poorly when applied in practice. Cross validation and shrinkage statistic can be used for the 
sample data to check the reliability of the GAM, in the same way as far the linear regression 
in chapter five. 
6.6.1. Splitting the data to 2 parts 
It is noted that MSE of VDS is higher than MSE of EDS, their ratio varies from 
151% to 1590/o. Also it is found that 19 iterations (9.5%) produced normal residual (P-value 
of Shapiro-Wilks Goodness-of-Fit statistic greater than 5%). It is found that the minimum 
value of shrinkage statistic was 0.000107 while the maximum was 0.042225, which means 
that the GAM is reliable model for prediction. 
6.6.2. Splitting the data to 5 parts 
By comparing MSE ofEDS and MSE ofVDS, it is found that MSE ofVDS is higher 
than MSE of EDS. Their ratio varies from 145% to 158%. Also it is found that 106 
iterations (58.5%) produced normal residual (P-value of Shapiro-Wilks Goodness-of-Fit 
statistic greater than 5%). 
6.6.3. Splitting the data to 10 parts 
By comparing MSE ofEDS and MSE of VDS, it is found that MSE of VDS is higher 
than MSE of EDS. Their ratio vary from 144% to 173%. Also it is found that 83 iterations 
( 41.5%) produced normal residual (P-value of Shapiro-Wilks Goodness-of-Fit statistic 
greater than 5%). 
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The summary of applying cross validation with splitting the data into 2, 5 and I 0 parts 
using multiple regression model and GAM for Trap nets in Southern Sector are listed below 
in Table 6.2. 
Table 6.2 The summary of the results of splitting the data into 2, 5 and 10 parts for 
the Trap nets in Southern Sector. 
2 parts 5 parts 10 parts 
!Number of observations 51 51 51 
!Number of iterations 200 200 200 
Minimum value ofMSE ofVDS 0.0473 0.0352 0.1270 
~nimum value ofMSE ofEDS 0.0313 0.0242 0.0088 
Minimum ratio of MSE of VDS/MSE of EDS 151% 145% 144% 
Maximum value ofMSE ofVDS 0.1831 0.1672 0.0202 
Maximum value ofMSE ofEDS 0.0524 0.0425 0.0117 
Maximum ratio ofMSE ofVDS/MSE ofEDS 159% 158% 173% 
Proportion of iterations produced normal residual 9.5% 58.5% 41.5% 
The same analysis has been investigated for each fishing gear data set in each sector 
and all results are similar to the results mentioned above. From these analysis splitting the 
data into 2 parts was used to check the reliability of the catch model for prediction which 
ensure that both catch model are reliable for prediction. Splitting the data to 5 parts has 
been performed because when the survey data were collected the actual sample size was 
increased by 20% as a precaution to avoid an possibility of collecting invalid questionnaires 
and to use the additional observations to check the validity of a model. 
Comparing the results of splitting the data into 2, 5 and I 0 parts when using multiple 
regression model and generalised additive model (Table 5.8 and Table 6.2), it is noted that 
using generalised additive model gives better results which can be noted in the proportion of 
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the iterations produced normal residual because generalised additive model picked up the 
curvature of the data better than multiple regression model. 
In this section catch model validation has been investigated. Now effort control will 
be investigated based upon detenninistic catch and biomass models to detennine the fleet 
size which can achieve the allowable catch. The study of uncertainty of the catch model and 
biomass model will discussed in chapter seven. 
6.7. Effort Control using non-parametric models 
Chapter five described the use of a parametric model to predict the effects of different 
effort control strategies. These strategies were; strategy 1 stop fishing for one year 1998, 
strategy 2 stop fishing for two years 1998-1999 and strategy 3 stop fishing for three years 
1998-2000. To compare between the parametric and non-parametric model, the prediction 
of the effect of different effort control strategies using non-parametric model is required. 
The generalised additive model prediction is given by the product of the model matrix and 
the coefficients, plus the smooth matrix. Assume that the vessels characteristics will be the 
same as specified in chapter five. 
It is noted that the best non-parametric models for some fishing gear within each 
sector does not include all the explanatory variables. This means that the effort control 
strategies will not be tight, because if the non significant variables are not under control the 
people can change their behaviour to fish more without control those variables. To compare 
the prediction of the effects of different effort control strategies using parametric and non-
parametric model both must include the same explanatory variables. For these reasons the 
best non-parametric models will be used if they include all explanatory variables and if not 
the non-parametric control models will be preferred. 
124 
6. 7.1. Catch strategies 
The fleet size for M.S'Y during projected years by fishing gear in each sector, estimated 
number of fishermen, expected catch of all species, estimated Tilapia biomass and estimated 
all species biomass during 1998-2006 for the three catch strategies are shown in Table 6. 3. 
Table 6.3 Number of vessels, estimated number of fashermen, expected catch of Total 
Tilapia, expected catch of all species, estimated Total Tilapia biomass and estimated 
all . . . spec1es b10mass dunn2 1998-2006 for the three catch strate2ies. 
Years 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Catch strategy 1 
!No. ofvessels 0 1070 1070 1070 1070 1070 1070 1070 1070 
!No. offishermen 0 3537 3537 3537 3537 3537 3537 3537 3537 
Total Tilapia catch 0 17.18 19.15 20.91 22.41 23.62 24.58 25.30 25.84 
All species catch 0 25.64 29.58 31.21 33.44 35.26 36.69 37.76 38.56 
Total Tilapia biomass 35.24 55.05 61.35 66.99 71.79 75.69 78.75 81.07 82.78 
All species biomass 52.60 82.16 91.57 99.98 107.14 112.97 117.54 120.99 123.55 
Catch strategy 2 
!No. ofvessels 0 0 1070 1070 1070 1070 1070 1070 1070 
!No. of fishermen 0 0 3537 3537 3537 3537 3537 3537 3537 
Total Tilapia catch 0 0 25.12 25.70 26.13 26.43 26.65 26.80 26.90 
All species catch 0 0 37.50 38.36 39.00 39.45 39.77 39.99 40.15 
Total Tilapia biomass 35.24 55.05 80.49 82.35 83.71 84.68 85.37 85.85 86.19 
All species biomass 52.60 82.16 120.13 122.92 124.94 126.39 127.42 128.14 128.64 
Catch strategy 3 
No. ofvessels 0 0 0 1070 1070 1070 1070 1070 1070 
No. offishermen 0 0 0 3537 3537 3537 3537 3537 3537 
Total Tilapia catch 0 0 0 33.51 31.05 29.66 28.80 28.25 27.89 
All species catch 0 0 0 50.02 46.35 44.26 42.98 42.16 41.62 
Total Tilapia biomass 35.24 55.05 80.49 107.37 99.50 95.01 92.26 90.50 89.34 
All species biomass 52.60 82.16 120.13 160.26 148.50 141.81 137.70 135.07 133.35 
Table 6.4 shows a comparison between cumulative number of vessels-years and 
number of fishermen-years during the projected years (1998-2006) to compare between the 
different catch strategies using non-parametric models to control the effort. 
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Table 6.4 Cumulative all species catch, number of vessels-years and number of 
fih fi h h IS ermen-years or eac catc strategy. 
Strategy 1 Strategy 2 Strategy 3 
Year Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative 
vessels-yeaJB fishermen.. all species vessels-YeaJB foshmnen- all species vessels-YeaJB fiShermen- all species 
yeano catch YeaJB catch years catch 
1998 0 0 0 0 0 0 0 0 0 
1999 1070 3537 26 0 0 0 0 0 0 
2000 2140 7074 54 1070 3537 37 0 0 0 
2001 3210 10611 85 2140 7074 76 1070 3537 50 
2002 4280 14148 119 3210 10611 115 2140 7074 96 
2003 5350 17685 154 4280 14148 154 3210 10611 141 
2004 6420 21222 19I 5350 17685 194 4280 14148 184 
2005 7490 24759 229 6420 21222 234 5350 17685 226 
2006 8560 28296 267 7490 24759 274 6420 21222 267 
It is clear that strategy 1 and 3 are similar on the basis of producing the same amount 
of the catch, while strategy 2 realises the greatest amount of the catch and also realises the 
greatest total discounted catch if the discount rate is 1 0% or less as mentioned in chapter 
four. Strategy I realises the greatest total discounted catch if the discount rate is greater 
than or equal 10% as mentioned in chapter four. Because strategy I allows fishing to start 
earliest, it allows the greatest cumulative employment in terms of both fishermen-years and 
vessels-years. Because strategy 3 prevents fishing for an addition two years, it gives the 
lowest cumulative employment. Strategy 2, which has the advantage of the greatest 
cumulative catch, has an intermediate level of cumulative employment over this time period. 
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CHAPTER 7 EFFECT OF UNCERTAINTY IN MODEL PARAMETER 
ESTIMATES. 
7 .1. Introduction 
In chapter 3 the biomass modelling was used to predict the trajectory of stock size 
with three different catch strategies, and the effect of uncertainty in biomass estimates on 
parameters estimates was determined. In chapters five and six two different catch models 
have been developed and model validation has been discussed. These models were used to 
obtain estimates of catch per vessel and detennine the allowable fleet size for each catch 
strategy depending on the deterministic biomass predictions. There are two sources of 
uncertainty which can affect the biomass prediction: 
(I) uncertainty in the biomass model parameters and 
(2) uncertainty in the catch modelling parameters. 
This chapter will explore the effect of these two sources of uncertainty on the biomass 
prediction. The aim is to generate a distribution of predicted biomass trajectories. These can 
be used to give insight about the risks associated with various levels of fleet control. 
There are two ways to investigate the effects of uncertainty on predicted biomasses: 
analytically and by simulation. Adding uncertainty to a catch model analytically will not be 
perused because the interaction between the error distributions of the catch model and the 
biomass model, even with simplifYing assumption such as normal distribution, make the 
prediction too complex. For that reason adding uncertainty to the catch model parameters 
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and biomass model parameters has been investigated through a simulation process. 
This chapter discusses the use of simulation to investigate the effect of uncertainty in 
the biomass model parameters and the catch model parameters on the prediction of future 
catches and biomasses. 
7 .2. Effect of uncertainty on the catch and biomass prediction 
In chapter three the effect of adding random effects to the starting and ending biomass 
has been explored assuming that the standard error of Bso and B94 is 5%. This procedure 
has been run 100 times to produce Bso, B94, rand K80 for each run. These output are stored 
in a matrix which will be called "Stochastic biomass matrix". This matrix has 100 rows and 
four columns contains 100 simulations of possible parameters estimates. Note that each row 
contain a related set of values which must be kept together during the simulation. 
In chapter five, the 1995 fleet (survey 1995 data) was used to determine the required 
fleet size for MSI'. This procedure produces a fleet in which no vessel exceeds the limit 
allowed. This fleet will be called "Adjusted fleef'. The number of vessels in the Adjusted 
fleet is not necessary equal to the required vessels. Sample the Adjusted fleet to obtain the 
required vessels. This step produces a fleet which will be called "Projected fleef'. Then the 
individual vessels' catch (LogYave) for the Projected fleet vessels can be predicted. 
In chapters five and six, cross validation (split the data set into five parts) has been 
applied. The uncertainty in the predicted catch of individual vessels can be obtained by 
computing the residuals from validation data set (VDS), which is the difference between the 
predicted values of the VDS and the observed values of the dependent variable in the same 
data set. The residuals are stored in a column which will be called "VDS residual column". 
The first n rows represent the residuals for n data points of the first iteration. Number of 
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rows are n*200 where the cross validation run 200 times. These can be regarded as 
independent errors which would be applied to any vessel. 
Now the effect on the biomass prediction of the two sources of uncertainty can be 
explored through the following steps: 
(l) Use the values of B94, r and Kao from the first row of the Stochastic biomass 
matrix to predict the biomass from 1995 to 1997. For the stop fishing years predict 
the biomass with zero catches, which means that let the catches equal zero in 1998, 
1998-1999 and 1998-2000 for strategies SI, S2 and S3 respectively. 
(2) From the VDS residual column select randomly with replacement a set of 
residuals equal to the number of vessels in the first allowable fishing year. Add this set 
ofresiduals individually to the predicted LogYave values. Calculate the corresponding 
Yave and the total of Yave over all vessels to obtain all species catch estimates for the 
first allowable fishing year. This catch assumes that the biomass is still at the 1995 
level. 
(3) Compute Total Tilapia catch by multiplying the all species catch by the 1995 ratio 
of Tilapia to all species and split it to the four species catch according to the 
proportion of the species biomasses at the end of the previous year. Adjust each of the 
four species catches using the ratio of the estimated species biomass in the first 
allowable fishing year to the corresponding 1995 biomass. This step produces a catch 
which will be called "Computed species catch". 
(4) Insert the Computed species catch for the first allowable fishing year in the 
corresponding species biomass model, then predict the biomass for the start of the 
next year. 
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(5) Repeat the steps 2-4 for each successive year until 2012, which means that these 
steps must be repeated 14 times for strategy I ( 1999-20 12), 13 times for strategy 2 
(2000-2012) and 12 times for strategy 3 (2001-2012). 
These step give a single iteration of the stochastic catch and stochastic biomass 
predictions up to 2012 for each species. 
(6) These process was replicate 100 times using the successive rows of the Stochastic 
biomass matrix in step I and sampling the residuals with replacement for each sub-
iteration in steps 2-4 is required. 
The results of these steps show the effect of the uncertainty of the catches and the 
uncertainty of the biomass together on the prediction of the catches and biomasses. 
This analysis has been carried out for each catch strategy and for TNilotica, TAurea, 
TZillii, TGalilea and Total Tilapia species. Total Tilapia predicted catch is the sum of the 
four species predicted catches, Total Tilapia predicted biomass is the sum of the four 
species predicted biomasses, Total BM.S'Y is the summation of the four species BMSY 
values and Total MSY is the summation of the four species MS I' values. 
7.2.1. Predicting catches using the multiple regression model 
Analysis of the stochastic effects on the combined catch and biomass prediction has 
been carried out for each catch strategy. Figure 7.1 shows the plot of 95% confidence 
intervals limits ofthe biomasses, and Figure 7.2 shows the plot of95% confidence intervals 
limits of the catches for each species and Total Tilapia if catch strategy 1 takes effect. 
It is noted that: the lower limit of 95% confidence interval of the biomass is below 
/JMSY during the whole period, but the biomass shows stability from 2010, 2006, 2010, 
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2005 and 2010 for T.Nilotica, T.Aurea, T.Zillii, T.Galilea and Total Tilapia respectively. 
Also it is noted that the upper limit of 95% confidence interval of the catch is greater 
than the MSJ' from 1999 to 2012 for the four species and for Total Tilapia. 
Figures 7.3 and 7.4 show the plot of95% confidence intervals limits of the biomasses 
for each species and Total Tilapia for the second and third catch strategies with the BMSJ' 
level. Figures 1 E to 6E in Appendix E show stochastic catches and stochastic biomasses for 
each species and Total Tilapia and for each catch strategy. Tables lE to 6E show 95% 
confidence intervals for the stochastic catches and the stochastic biomass for each species 
and Total Tilapia and for the three catch strategies. It is noted that all three catch strategies 
has roughly the same confidence intervals for the catches and biomasses by the year 2010. 
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Figure 7.1 The upper and lower limits of 95% confidence interval of stochastic 
biomass and BMSY (multiple regression model) of each species and Total Tilapia 
stock using catch strategy 1 with stochastic catch (a) T. Nilotica, (b) T.Aurea, (c) 
TZillii (d) T.Galilea and (e) Total Tilaoia. 
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Figure 7.2 The upper and lower limits of 95% confidence interval of stochastic 
catch and MS}' (multiple regression model) of each species and Total Tilapia catch 
using catch strategy 1 with stochastic biomass (a) T.Nilotica, (b) TAurea, (c) TZillii 
(d) TGa/ilea and (e) Total Ti/apia. 
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Figure 7.3 The upper and lower limits of 95% confidence interval of stochastic 
biomass and BMSY (multiple regression model) of each species and Total Tilapia 
stock using catch strategy 2 with stocbastic catch (a) T.Nilotica, (b) TAurea, (c) 
TZillii (d) 1: Gal ilea and (e) Total Tilapia. 
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Figure 7.4 The upper and lower limits of 95% confidence interval of stochastic 
biomass and BMSY (multiple regression model) of each species and Total Tilapia 
stock using catch strategy 3 with stochastic catch (a) T.Nilotica, (b) T.Aurea, (c) 
T.Zi/lii (d) T.Galilea and (e) Total Tilaoia. 
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Figure 7.5 shows comparison between 95% confidence interval of the cumulative 
catch prediction for the three catch strategies. It is noted that the confidence interval of the 
catches for the strategy 1 is more wide than strategy 2 and more wide than strategy 3. 
Because strategy I aUows fishing to start earliest, it allows the greatest cumulative 
uncertainty in terms of catches. Because strategy 3 prevents fishing for an addition two 
years, it gives the lowest cumulative uncertainty of the catch. Strategy 2, which has an 
intermediate level of cumulative uncertainty of the catch over this time period. But 
comparing the 95% confidence interval width for the three catch strategy after ce1tain 
number of fishing years, it is found that there is a very little difference between the three 
catch strategy, which can return to a random error in the biomass estimates or the 
estimation of r and K. 
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Figure 7.5 The upper and lower limits of 95% confidence interval of cumulative 
stochastic catch (multiple regression model) of Total Tilapia catch with stochastic 
biomass for each catch strategy (1) Sl, (2) S2 and (3) 83. 
7.2.2. Predicting catches using generalised additive model (GAM) 
Analysis of the stochastic effects in the combined catch and biomass prediction has 
been carried out for each catch strategy. Using the three catch strategies shows a similar 
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pattern as the multiple regression model. Figure 7.6 shows the stochastic biomass of Total 
Tilapia using the GAM to estimate the catches. Figures 7E to 12E in Appendix E show the 
stochastic catches and stochastic biomasses. Tables 7E to 12E show 95% confidence 
intervals for the stochastic catches and stochastic biomass for each species and Total 
Tilapia and for each catch strategy. 
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The results can be summarised in the following points: 
(l) The upper limit of 95% confidence interval of the catches for the four species 
exceed the MS I' for the three catch strategies and for both catch models but the 
catches are stable. 
(2) The lower limit of 95% confidence interval of the biomass for the four species is 
below the JJMSY for the three catch strategies and for both catch models. 
(3) The stock shows stability after few years of recovery, this is clear for the three 
catch strategies and for both catch models (multiple regression model and GAM). 
There are some sources of error which are not explicitly included in the catch model 
or biomass model. These errors may cause some bias in the catch or biomass prediction or 
in the determination of the fleet size. 
For example, catch models (multiple regression model and GAM) validation was 
investigated under the circumstances which pertained in 1995, where there was high fleet 
size and low stock and the data were collected from only a sample of landing port during 
short time period. The use of these models to predict the catch when the fleet is controlled 
to a lower fleet size and the biomass has recovered to a high stock could cause some errors 
in catch and stock predictions, and hence the required fleet size. Also the relationship 
between catch and effort may be not linear over this range. As well as, future changes in 
Lake Manzala pollution, nutrients, salinity or average water temperature could change the 
value of r and/or K or all these reasons together. 
In addition, one of the catch model assumptions is that the random errors arc 
independent. This may not be the case, because of the data collection method. However, if 
the error term between vessels is correlated it is not possible to determine it from the data, 
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since vessels data are in cross section fonn. If the error are correlated, then the variability in 
the predictions is likely to be greater than found here. Also, there may be a bias leading to 
underestimating the actual vessel catch because the recorded catches are the catch which is 
sold. Fishennen may retain a small part of catch for themselves. However, this is may not 
affect the predictions as this behaviour is likely to continue even when the fleet is managed 
appropriately. 
As weU as, the values of r and K might be correlated, so if there are a correlation 
between estimates values of r and K, the net recruitment will tend to be compensated; if K is 
underestimated, r will be overestimated, then time needed to recover the stock will be 
underestimated and likewise if K is overestimated r will be underestimated and time needed 
to recover the stock will be overestimated. It is known that the estimates of r and K are 
regularly correlated (chapter 3). However, MSl' is calculated as r K so any bias in one 
4 
parameter is likely to be largely cancelled out in the calculation of ,MSY 
7 .3. Worst case scenario 
There is an important question which is what would happen if all the fishennen try to 
use the maximum limit of the nets, number of fishennen, duration time and number of mesh. 
So if all the fishennen in the Projected fleet do that the fleet will be called "Greedy fleet'. 
Greedy fleet size is the same as the Projected fleet size but the vessels characteristics are at 
the maximum limits. 
If all the fishennen go to the maximum limit of the vessel characteristic, the potential 
catch will be greater than the catch produced by using the Projected fleet by about 20%. It 
has been already noted that number of vessels when using multiple regression model are 
greater than number of vessels when using GAM while both fleets catch the same amount of 
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fish. This means that the estimate of the catch per vessel using GAM is greater than the 
estimates of the catch per vessel using multiple regression model. So the worst case is to 
allow the Greedy fleet to operate and to use GAM to estimate the catch. Figure 7. 7 shows 
the plot of95% confidence intervals limits of the catches for the Total Tilapia species catch 
with GAM, if the Greedy fleet operate for the three catch strategies. It is noted that for the 
first few years the Greedy fleet catch is higher than the Projected fleet catch, then the 
Greedy fleet catch start to be smaller than the Projected fleet catch because higher catches 
in the first few years cause a decrease in the stock which will in turn produce small catches. 
It is noted that applying the Greedy fleet with GAM will not allow the stock to exceed the 
BMSY level, but the stock shows clear stability from 2007, 2005 and 2007 for the three 
catch strategies respectively. 
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Figure 7.7 The upper and lower limits of 95% confidence interval of stochastic 
catches and MSJ' with stochastic biomass for Total Tilapia using Greedy fleet for 
each catch strategy (1) Sl, (2) S2 and (3) S3 with GAM. 
The effect on the catch and biomass prediction of the two sources of uncertainty is 
analysed for the Greedy fleet. Figure l3E in Appendix E shows the 95% confidence interval 
of the stochastic catch of Total Tilapia using the Greedy fleet and applying GAM to 
estimate the catches based on the stochastic biomass. It is noted that the upper limit of 95% 
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confidence interval of the catch is above the Total MSY, but the upper limit of 95% 
confidence interval of the catch shows a clear stability. 
Figure 7.8 shows the stochastic biomass of Total Tilapia using the Greedy fleet and 
applying GAM to estimate the catches. It is noted that the lower limit of 95% confidence 
interval of the biomass is far from the Total BMSY, but the lower limit of 95% confidence 
interval of the biomass shows a clear stability. It is noted that the stock did not crash for any 
iteration of adding uncertainty effects to catches and biomass prediction simulation which 
consists of 100 iterations. 
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biomass and BMS Y with stochastic catch for Total Tilapia using Greedy fleet for 
each catch strategy (1) Sl, (2) S2 and (3) S3 with GAM. 
So, adding uncertainty m the GAM catch model parameters and biomass model 
parameters with the Greedy fleet does not show the biomass can deplete even when we 
assume standard errors is 10% of Bso and B94 in the biomass model. Figures 7.9 and 7 10 
show the catch estimate and biomass prediction. It is noted that the catch and the biomass 
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are stable. The difference between using standard error 5% of Bao and B 94 and usmg 
standard error 10% of B80 and B94 with the Greedy fleet is the delay in the stability of the 
catch and the biomass. It is noted that the stock did not crash for any iteration of adding 
uncertainty effects to catches and biomass prediction simulation which consists of 1 00 
iterations. 
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catch strategy (1) S1, (2) S2 and (3) S3 with GAM and with standard error 10% of 
Bao and B94· 
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Figure 7.10 The upper and lower limits of 95% confidence interval of stochastic 
biomass and JJMSY with stochastic catch for Total Tilapia using Greedy fleet for 
each catch strategy (1) S1, (2) S2 and (3) SJ with GAM and with standard error 
10% of Bso and Bu. 
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So this analysis can be summarised in the following points: 
• There is an uncertainty in the estimates of the biomass parameters r and Kao, 
assuming that the standard error is 5% for B80 and B94. 
• There is an uncertainty in the catch prediction. 
• In the biomass prediction there is variability in the values of r and K80 from one 
iteration to other, these values have been used during the simulation process. 
A possible approach to the management of the fishery might be to control the fleet so 
that the biomass exceeds BMSY with a given probability especially because of the possible 
biases and additional uncertainty discussed in the end of previous section. There are a 
possible errors in catch predictions because of possible errors in estimating r and K, so a 
reduction in the fleet size has been investigated to allow the lower limit of 95% confidence 
intervals of the biomass to be greater than or equal to /JMS Y. It is found that a 10% 
reduction from the Projected fleet size will allow the lower limit of the 95% confidence 
interval of the biomass to exceed BMSY level by 2012, 2011 and 2010 for the three catch 
strategies respectively, while a SO% reduction from the Projected fleet size will allow the 
lower limit of the 95% confidence interval of the biomass to exceed BMSY level by 2004, 
2003 and 200 I for the three catch strategies respectively. In the light of the above, it can be 
concluded that the greater the reduction in fleet size, the more safety for the biomass over 
the short tenn, and vice-versa. Clearly, once the biomass exceeds BMSY with 97.5% 
probability, it is possible to increase the fleet size again. The parabolic shape of the 
biomass/recruitment curve (chapter 3) shows that catches will be close to /HSr when the 
stock is safely above JJMSY (Figure E in Appendix E). 
Finally, it is noted that there was no one iteration of the optimum effort level for 
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which the stock crashed, even if the Greedy fleet had been allowed to operate, and 
assuming the standard error is 100/o of B80 and 8 94. So, according to this analysis if we use 
the effort for MS}', this will be below the critical effort and the biomass is extremely 
unlikely to crash. 
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CHAPTER 8 COMPARISON AND CONCLUSIONS 
Lake Manzala plays an important role in providing fish for the Egyptian population 
because it is the largest natural lake, and its annual fish production represents around 20 
percent of the national fish production. Since 1977 the area of the lake has reduced three 
times and fishing effort doubled, so that over-exploitation has become a major problem. For 
these reasons Lake Manzala has been chosen as a case study to investigate the factors which 
affect the exploitation. The study covered the period from 1977 to 1997 and provided 
suggestions to improve management of that fishery in order to maintain fish production 
while protecting fish stocks. 
Two existing approaches for estimating the intrinsic growth rate of the four Tilapia 
species biomasses and the carrying capacity of the fishery have been canied out using the 
catch and effort data from 1980 to 1997. The inclusion of two biomass estimates in 1980 
and 1994 has led to a new method to estimate these parameters. The new method gives 
reasonable parameter estimates comparing with the results of the other two approaches and 
with other biological studies. However, simulation had to be used to get error estimates of 
the biomass parameters estimates using the new method. 
A number of catch strategies to manage the effort have been investigated. It was 
noted that stopping fishing for eight years would allow the Total Tilapia stock to be close 
to the carrying capacity, while stopping fishing for three years would allow the Total 
Tilapia stock to exceed the JJM.S'l' level. Three catch strategies have been investigated 
which were stop fishing for one, two and three years respectively. It is noted that the second 
catch strategy achieves the greatest amount of discounted catch over eight years if the 
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discount rate is l 0% or less, while first catch strategy realise the greatest discounted catch 
if the discount rate is l 0% or more. 
Two ways of modelling individual vessel catches in relation to their effort 
characteristics were investigated. A parametric regression analysis for the vessel survey data 
used a multiplicative model, which had been transformed to linear additive model by using 
logarithm transformation, to represent the relationship between average catch per vessel and 
number of nets, number of fishermen, duration time per trip and number of mesh. Fleet 
control had been developed using this multiple regression analysis to estimate number of 
vessels which can achieve the expected catch to allow the biomasses to recover. Although 
the logarithm multiple regression model appeared to give a reasonable fit to the data, it was 
noted that there was some curvature in the survey data which the parametric model did not 
pick up. For these reasons generalised additive model had been used to improve the 
parametric model. Using generalised additive model gave an improved fit. It also gave 
lower planned fleet size which should lead to a more conservative fishing policy. 
This analysis showed that Lake Manzala stocks are currently over-exploited, the 
current effort ( 1997) is clearly above the critical effort level, it represents about three times 
the required effort for maximum sustainable yield. So, if fishing continue at the current 
effort level, which is above the critical effort level, the stocks will crash. 
A simulation approach was used to investigate the effect of uncertainty on the 
projected catches and on the stock prediction, and to give insight into the risks associated 
with various levels of control. There was no evidence that a management strategy which 
aimed to fish at maximum sustainable yield would put the stock at risk. 
There are non-statistical sources of error in modelling both the predicted catches and 
the biomasses estimates. These could result in under-estimate or over-estimate or exact 
ISO 
estimate in each case. The actual biomass during the projected years would be higher than 
expected for example if the estimated catch is exact-estimate and estimated net recruitment 
was under -estimated. There are another two cases which are the predicted catch and the 
estimated net recruitment both are under-estimate or both are over-estimate, in such cases 
the effect of one of them might cancel the other, but it is not possible to determine the effect 
of one of them on the other. Unless other studies are undertaken, the only data available for 
monitoring the fishery will be the catch data. This is not sufficient for deciding how the 
fishery is operating. So other classical researches are still required such as biological 
biomass estimation or cohort analysis. 
In conclusion, this study has produced a new method to estimate the carrying capacity 
and the intrinsic growth rate based on the historical data and also to predict the biomass size 
in the future. Also it used generalised additive models to predict the catch which is a new 
development for fleet control modelling. This study has developed a methodology for 
investigating the effect of any management strategy for Lake Manzala fishery. Also includes 
calculation of the fleet size required for a given catch and the effect of uncertainty in the 
prediction. 
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annual 0. 766 105 
T.Aurea Monthly 0.055 0.661 62 
2 months 0.113 0.678 61 
3 months 0.171 0.685 61 
4 months 0.235 0.706 60 
6 months 0.355 0.710 60 
annual 0.775 59 
T.Zillii Monthly 0.046 0.552 89 
2 months 0.094 0.563 88 
3 months 0.149 0.597 85 
4 months 0.202 0.605 85 
6 months 0.305 0.610 84 
annual 0.671 83 
T Galilea Monthly 0.047 0.569 16 
2 months 0.106 0.637 15 
3 months 0.167 0.667 15 
4 months 0.229 0.688 15 
6 months 0.346 0.692 15 
annual 0.732 15 
Total Tilapia Monthly 0.056 0.672 280 
2 months 0.120 0.720 268 
3 months 0.183 0.732 264 
4 months 0.245 0.735 262 
6 months 0.368 0.736 260 
annual 0.740 260 
167 
Table 2A The range of initial estimates of r and Kao for which convergence was 
0 bta• d h . . d al me tot e giVen estimate V ue. 
Species Estimate r Minimum Maximum Estimate of Kao Minimum Maximum 
TNilotica 0.77 0.33 2.21 105 68 165 
TA urea 0.78 0.40 2.51 59 44 260 
T.Zillii 0.67 0.25 2.50 83 71 130 
T Galilea 0.73 0.46 2.40 15 11 21 
Combined 0.74 0.23 1.70 260 207 303 
Tilapia 
168 
a 
b 
108 
G.98 •• 
0.88 
0.18 
0.68 
05 8 "---------- ----"--
88 
1.08 
108 
K80 
118 128 
0.98 ... 
. 
..... , 
... 
0.88 
0.18 
0.68 
0.}8 ":-:__ _____ _ ____ .....__ 
79 8l 81 9 1 9} 99 103 
880 
c 
d 
Figure lA The relationship between (a) e 
stochastic r and stochastic K, (b) 
stochastic rand Bs0, (c) stochastic rand 
B94, (d) stochastic K and Bso and (e) 
stochastic K and B94 for T.Nilotica 
assuming the error is 5% of Bso and 
Bu. 
169 
121 
. 
.. 
/ 
_.,., 
Ill 
108 
88 •• 
128 
118 
108 
98 
79 83 
• 
81 91 9} 99 103 
880 
. . 
. .. :,., . 
: ··~----• ... :.-:~~ :·· .. 
... • :=· '~ ..... . 
.. __ .,..,. .. .. 
88~----~·~·------
17 18 19 20 21 22 2l 
894 
1.08 
o.n . . 
0.88 
0.71 
0.68 
... . ·...,. ... .. 
·. .... . ,. ... · 
····: ... ~~: . 
.-. ~-r; •• 
.. • • • :": r: • 
0 .}8 ~------------
17 18 19 20 21 22 2l 
894 
a 
b 
" 
Plot tl{ r n K80 tiT .Aura uar. SE)% 
1.21 
1.11 f-o " 
1.01 ' 
•• G.91 
0.81 
0.71 
""'. .. ,.._._ 
0.6 1 "-----------·_,._,aL-0 ... _ 
.7 
1.22 
1.12 . 
1.02 
0.92 
0.82 
0.72 
SI ss 59 63 67 71 
K80 
Plaf. fir n 880 tiT..A.tra~SE "' 
•• .. , .. 
-=~ ... 
-~ 
... ~---0.62 "--- - ---....:.JL- -=---
39 . I 43 •s 
880 
. 7 .9 SI 
Figure 2A The relationship between (a) 
stochastic r and stochastic K, (b) 
stochastic rand Bs0, (c) stochastic rand 
B9-t, (d) stochastic K and Bso and (e) 
stochastic K and B94 for T.Aurea 
assuming the error is 5% of Bso and 
Bu. 
c 
~ 
" 
d 
~ 
e 
" 
170 
71 
67 
63 
S9 
ss 
SI 
.7 
39 
71 
67 
63 
S9 
ss 
SI 
H 
1.22 
1.12 
1.02 
0.92 
0.82 
0.72 
0.62 
Mat tl K80 " 880 tiT.Aara .... SE 1% 
•"' 
.r--· 
~-
.. ;.• 
• .lr'\o 
..... 
• 
u 
. I .3 •s .7 
880 
• 
.. ' . 
. .,. .. ~~· · .•... 
•• -&. • • ::: .. -: .... 
.. . 
• • • I 
• • I -:• •• •-:_. 
• I • • • 
• .. 'W •• 
13 14 
894 
IS 
. 
•9 
. 
Jl> • • 
. . . . . 
. 
... ··: :J"· .:· 
• • -i- ... • 
. -:... . ,; .. . 
..... ~ ... ,. ....... . 
. .. 
12 13 I. IS 
894 
SI 
16 
16 
a 
b 
Plot rLr w K80 ciT.lillii usqSE l% 
0.91 
0 .81 
~ 0.71 
0.6 1 
O~lt---------------------~L--
70 
0 .91 
0 .81 
~ 0 .71 
0.6 1 
7S 80 8S 
K80 
90 9S 
P1ot cL'r"' 880 UT..l.il lii u.tingSEl% 
O.SI <--------------------~"'-
65 69 73 77 81 8S 
880 
100 
c 
d 
Figure 3A The relationship between (a) e 
stochastic r and stocbastic K, (b) 
stocbastic rand Ba0, (c) stocbastic rand 
Bu, (d) stocbastic K and Bao and (e) 
stocbastic K and B94 for T.Zillii 
assuming the error is 5% of Bao and 
Bu. 
17 1 
100 
95 
90 
~ IS 
80 
7S 
70 • 
6S 
100 
9S 
90 
85 
80 
7S 
P1ot tl K80 n 880 ci"T .zillii usq SE l% 
73 77 81 
Plot« K.80 w 894 elT..l.il1ii ~SE .S% 
.... 
··=--- ~ . 
. -.~~~~, ... .. . 
.......... ~ . ..,., ... . . 
• " :.r. • • .. • 
.. . ........ · .. 
70 t--------------------·~-
IS 
0.91 
0.1 1 
~ 0 .71 
0 .61 
16 17 18 19 20 
894 
PSoc.drnB94 rLTZiDiiuDwSEl't4 
.. • 
• 
. . .... 
• 1. ...... '. • 
....... .,~. ·'rl' •• 
... -.; ..... . 
. ~. .. .. 
•• :..JI'I " .. 
.... 
O.SI <-------------'"'-----------
IS 16 17 18 19 20 
894 
85 
a c 
Plot fL r w KIO c{T.Gtlila usinJ SE"' Plot tliK.IO "'810 flLT.o.tilcausirw SE"~ 
us lO 
.. 
o.ss 
.... , 
.... 
,_ 
11 
0.78 
...... 
" ~ 16 / " 0.61 O.S8 14 
' ..... • 
,. 
0.41 12 
11 14 16 18 lO 10 11 12 IJ 14 
K80 880 
b d 
P1ot c{r "'880 af'TOalilau-.SE)% P1ot c{KIO n 894 c{T.Galilcaua.SE S~ 
0.98 lO 
.. 
.. .. 
0.18 .... 
-
... 
... , 11 . . 0.78 .. ... 
.. 
.. 
" ~ 16 .. : ... •c- •• 0.61 ~- ~ .. .... 
. ~~. .. \o ~:.· ...... • 14 I 0.58 .... ... .. ~ .... .. . 
... •* 
.. • :1 . 
0.48 l2 . . 
10 11 12 IJ 14 3. 1 3.3 3.$ 3.7 3.9 4. 1 4.3 
810 894 
Figure 4A The relationship between (a) e 
Plot~rvo894 ~T.o.Jiko UliniSS~ 
stochastic r and stochastic K, (b) 0.98 
.. 
stochastic rand B80, (c) stochastic rand .. . . o.as . . . .. 
.... . : ..... . 
B9-1, (d) stochastic K and Bao and (e) 0.78 " ·~· . 
" .. ~ '4-~ : .. • 
stochastic K and Bu for T.Gafilea 0.61 . .,.,. . .. ....... 
assuming the error is 5% of Bao and o.sa • • • • ... . ... 
Bu. o.48 .. . "' . . 3. 1 3.3 3.5 3.7 3.9 4.1 4.3 
894 
172 
a 
b 
Plot .t • n ICIO .t C<>mbftd otbpia ..... SE 3% 
0.9 
0.1 
0.7 
0.6 
os ,.__ ________ ·~·L--
220 2AO 280 
K80 
300 320 340 
P1ot~r YIB80 olCCJrtirincdTIUipi•~SE"4 
0., 
0.1 
0.7 
0 .6 
• 0 .5 ,.__ _______....._ _ 
190 210 2JO 710 
880 
Figure SA The relationship between (a) 
stochastic r and stochastic K, (b) 
stochastic rand B8o, (c) stochastic rand 
B94, (d) stochastic K and Bao and (e) 
stochastic K and B 94 for Combined 
Tilapia assuming the error is 5% of Bao 
and B~4· 
c 
d 
e 
173 
340 
320 : /. 
2AO / 
.... 220 t..._ _________ _ 
340 
320 
190 2 10 230 
880 
.300 • • 
2:80 .~,. ·r : 
• • ·~1. - •• 
:!M ~- J ,. 'C'".·~· .. ~0 • ...;~ ....... ·.:: • 
710 
220 ,.____ _____ • ------
0.9 
0.8 ... 
0.7 
0.6 
51 S4 ' 7 60 
-
. 
. . ' . ~·, ...... -
.. • -'!: ...... 
.... 1~ .. ,·,.:.. 
... ,r.- ... 
·.-: ·-: . 
0.5 ,.____ __ ....._ _____ _ 
41 66 
Table 3A The deterministic estimates values of r, Kao, K,4 for each species and 
Combined Tilapia species, coefficient of variation and 95% confidence level of them 
. h d d . 10o/c f B d B assumm2 t e stan ar error 1s oO ,,an H• 
Species Estimation C\1 Upper Mean Low et 
T.Ni/otica r 0.766 15o/c 0.950 0.734 0.519 
K 105 9% 129 109 90 
Ko 59 9o/c 73 62 51 
T.Aurea r 0.675 22o/c 1.101 0.772 0.442 
K 66 13o/c 77 61 45 
Ko 37 13o/c 43 34 26 
T.Zillii r 0.671 lOo/< 0.805 0.678 0.551 
K 83 6o/c 92 83 74 
Ko 47 6o/c 52 47 42 
T.Gali/ea r 0.732 13o/c 0.891 0.707 0.522 
K 14 8o/c 18 15 13 
Ko 8 8o/c 10 9 7 
Combined r 0.740 13o/c 0.935 0.740 0.545 
Tilapia K 260 8o/c 304 261 219 
Ko 147 8o/c 171 147 123 
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Figure l2A The estimated biomass based upon each assumption of the constant 
area-adjusted catchability and the biomass estimates produce by using Solver 
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Lake Manzala questionnaire- during August - September 1995 
I. What is your name?------------------------------
2. How old are you?-----------------------------------years 
3. Determine the used fishing gear 
OTrap 0 Stand 0 Hook lines 
3. What is the sector you fish in ? 
0 South OWest OEast 
4. What is the average quantity of fish you catch each trip?-----------kg 
5. How many nets you use each trip? 
0 -----nets for Trap nets 
0 ----nets for Stand nets 
0 -----hundred hook for Hook lines 
6. How many fishermen work on your boat each trip?--------fisherman 
7. How many hours you spend each trip?---------hours 
8. How many mesh in each IOOcm oflength of nets if you use Trap nets or Stand nets? 
------------mesh 
9. How many working days each year?-------------------days 
I 0 .How many trip each working day? --------------------------trip 
11. Can you classifY your catch to species in kg each trip? 
T.Nilotica kg Sea Bass kg 
T.Aurea kg Meagr kg 
T.Zillii kg Gilt head SeaBre kg 
T.Galilea kg Spotted Sea kg 
Grev Mullet kg Soles kg 
Mullet kg Catfish kg 
Mugjl kg Nile Perch kg 
Shrimos kg Jackes kg 
Crabs kg Unclassified kg 
Eels kg 
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Table 1C Number of vessels using Stand nets in relation to number of Nets and 
number of Fishermen in 1995. 
Fishermen 1 2 3 4 5 6 7 8 9 10 11 12 Total 
Nets 
001-029 3 62 10 1 28 4 1 199 
030-059 12 2 15 2 2 33 
060-089 2 9 3 7 2 1 
090-100 2 1 1 4 
Total 3 62 113 30 21 12 5 7 2 1 0 1 257 
Table 2C Number of vessels using Stand nets in relation to number of Nets and trip 
Duration in 1995. 
Duration 4-6 7-9 10-12 13-15 16-18 19-21 Total 
Nets 
001-029 53 51 83 12 199 
030-059 17 16 33 
060-089 18 3 21 
090-100 2 2 4 
Total 53 51 100 46 5 2 257 
Table 3C Number of vessels using Stand nets in relation to number of Nets and 
b f M ~ 100 I h f . 1995 num er o es' per cm engt o nets m . 
Mesh 25-34 35-44 45-54 55-64 65-74 75-84 85-94 Total 
Nets 
001-029 55 54 61 27 1 1 199 
030-059 4 18 11 33 
060-089 6 15 21 
090-100 4 4 
Total 14 88 65 61 27 1 1 257 
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Table 4C Number of vessels using Hook lines in relation to number of Hooks in 
hundred and number of Fishermen in 1995. 
Fishermen I 2 3 4 5 6 7 8 9 Total 
Hooks lOOs 
OI0-050 I2 I2 10 34 
051- IOO I7 3 20 
10I-150 8 I I 10 
151-200 I I 
20I-250 I I 2 
Total 12 I2 35 0 4 1 2 0 1 67 
Table 5C Number of vessels using Hook lines in relation to number of Hooks in 
h d d d t . D m,· . 1995 un re an np ur. wn m . 
Duration 4-6 7-9 10-12 I3-15 16-18 19-21 22-24 Total 
Hooks lOOs 
010-050 3 IO 13 8 34 
051-100 14 3 2 1 20 
101-150 3 6 1 10 
151-200 1 I 
201-250 2 2 
Total 3 10 13 22 6 8 5 67 
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Figure 20D Smoothing spline smoother of LogYave vs. LogMesh for Stand nets in 
Eastern Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=7. 
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Figure 21D Smoothing spline smoother of LogYave vs. LogNets for Hook lines in 
Southern Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=7. 
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Figure 22D Smoothing spline smoother of LogYave vs. LogFisltermen for Hook 
lines in Southern Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=1. 
22 1 
a 
'!! 
!! 
% 
.. 
! 
:: 
!l 
"' 
1.2 1.3 
-
b 
:! 
!! 
l 
! 
:: 
:: 
"' 
1.2 .., 
-
c 
'!! d f • ~ 
!! 
% 
.. 
! 
:l 
:: 0 
"' 
1.2 
d 
:: d I• 7 
~ 
! 8 ! 
;; 8 
0 
.. 
" " 
IS 
Figure 23D Smoothing spline smoother of LogYave vs. LogDuration for Hook 
lines in Southern Sector using (a) df=l, (b) df=J, (c) df=4 and (d) df=7. 
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Figure 24D Smoothing spline smoother of LogYave vs. LogNets for Hook lines in 
Western Sector using (a) df=l, (b) df=J, (c) df=4 and (d) df=7. 
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Figure 25D Smoothing spline smoother of LogYave vs. LogFishermen for Hook 
lines in Western Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=1. 
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Figure 26D Smoothing spline smoother of LogYave vs. LogDuratio11 for Hook 
lines in Western Sector using (a) df=l, (b) df=3, (c) df=4 and (d) df=7. 
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Table lD The main steps of using stepwise selection for Stand nets fishing gear. 
Sector Model Deviance df.residual I!. Deviance Mf F value 
Stand Initial model with df=1 1.303 157 
South Model with df=3 0.858 149 0.445 8 6.702 
Model with df=4 0.683 145 0.620 12 6.225 
Model with df=7 0.398 133 0.905 24 4.544 
Best model LogYave =s(LogNets, df=7)+ fh Log Duration + /J4 LogMesh 0.633 152 0.670 5 16.146 
Control model LogYave ==s(LogNets, df=7)+ fh Log Fishermen+ /}3 LogDuration + P4 Log Mesh 0.629 151 0.674 6 13.535 
Stand Initial model with df=1 0.124 49 
West Model with df=3 0.066 41 0.058 8 2.865 
Model with df=4 0.057 37 0.067 12 2.206 
Model with df=7 0.047 26 0.077 23 1.340 
Best model LogYave = fJ1 LogNets + s(LogFishermen, df=3)+ s(LogMesh, df=4) 0.068 45 0.056 4 5.532 
Control model LogYave ==P1 LogNets + s(LogFishermen, 3)+ fhLogDuration + s(LogMesh, 4) 0.067 44 0.057 5 4.505 
Stand Initial model with df=1 0.030 37 
East Model with df=3 0.019 29 0.01 1 8 1.717 
Model with df=4 0.019 26 0.01 1 11 1.245 
Model with df=7 0.017 18 0.013 19 0.862 
Best model LogYave =fJ1 LogNets + s(LogFishermen, df=3) + fJ3LogMesh 0.023 36 0.007 1 8.633 
Control model LogYave =/]1 LogNets + fhLogFishermen + s(LogDuration, 3)+ p4LogMesh 0.022 35 0.008 2 4.933 
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Table lE Confidence intervals 95% of the catches using strategy 1 during the planning year using stochastic biomass (multiple regression model). 
SI T.Nilotica catches T.Aurea catches T.Zillii catches T. Galilea catches Total Tilapia catch 
Years MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11.-1 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
1999 11.-1 6.7 3.9 1.1 6.2 8.6 5.4 2.2 7.9 8.4 4.9 1.4 1.5 2.3 1.7 1.0 27.0 21.3 15.9 10.4 
2000 11.-1 8.0 4.7 1.3 6.2 8.1 5.5 2.9 7.9 8.4 5.2 2.0 1.5 2.1 1.6 1.1 27.0 22.2 16.9 11.6 
2001 11.-1 9.3 5.5 1.7 6.2 7.8 5.6 3.5 7.9 8.4 5.6 2.8 1.5 2.0 1.5 1.1 27.0 23.4 18.3 13.1 
2002 11.-1 9.3 6.9 1.1 6.2 7.7 5.8 3.9 7. 9 8.1 6.1 3.7 1.5 1.9 1.5 1.1 27.0 27.0 20.4 13.8 
2003 Jl.-1 13.1 7.6 2.1 6.2 7.5 5.9 4.3 7.9 8.7 6.5 4.2 1.5 1.9 1.5 1.1 27.0 27.6 21.4 15.3 
2004 Jl .-1 13.4 8.2 3.0 6.2 7.5 6.0 4.5 7.9 8.4 6.8 4.8 1.5 1.8 1.5 1.1 27.0 28.2 22.4 16.7 
2005 11.-1 13.4 8.7 4.0 6.2 7.4 6.1 4.8 7.9 8.7 6.9 5.2 1.5 1.8 1.4 1.1 27.0 28.3 23.1 18.0 
2006 11.-1 13.5 9.3 5.2 6.2 7.3 6.2 5.0 7.9 8.7 7.4 5.9 1.5 1.8 1.4 1.1 27.0 28.9 24.4 19.8 
2007 11.-1 13.4 9.7 5.9 6.2 7.2 6.2 5.2 7.9 8.8 7.4 6.0 1.5 1.8 1.4 1.1 27.0 29.0 24.8 20.5 
2008 11.-1 13.3 10.0 6.7 6.2 7.1 6.2 5.4 7.9 8.7 7.5 6.3 1.5 1.8 1.4 1.1 27.0 28.7 25.1 21.6 
2009 11.-1 13.1 10.3 7.5 6.2 7.1 6.3 5.4 7.9 8.8 7.7 6.7 1.5 1.8 1.4 1.1 27.0 29.0 25.8 22.5 
2010 11.-1 13.1 10.7 7.5 6.2 7.1 6.3 5.6 7.9 8.8 7.9 6.9 1.5 1.8 1.4 1.1 27.0 29.1 26.4 23.6 
2011 JJ . .J 13.1 10.8 7.5 6.2 7.0 6.3 5.7 7.9 8.8 7.8 6.9 1.5 1.8 1.4 1.1 27.0 28.7 26.3 23.9 
2012 ll . .J 13.1 10.9 7.5 6.2 7.0 6.3 5.7 7.9 8.8 7.8 6.9 1.5 1.8 1.4 1.1 27.0 28.9 26.5 24.0 
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Table 2E Confidence intervals 95% of the biomasses using strategy 1 during the planning year using stochastic catches (multiple regression model). 
SI TNilotica biomass TA urea biomass TZillii biomass TGalilea biomass Total Tilapia biomass 
Years BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35.4 18.2 8.91 1.1 19.9 19.6 11.5 3.5 27.5 19.2 10.9 2.6 4.8 5.4 4.1 2.7 87.6 49.5 35.4 21.3 
1999 35.4 29.0 14.6 2.5 19.9 27.3 16.9 6.5 27.5 28.4 16.7 4.9 4.8 7.0 5.5 3.9 87.6 74.1 53.6 33 .1 
2000 35..1 32.1 17.0 4 .3 19.9 25.6 17.2 8.7 27.5 28.4 17.8 7.1 4.8 6.3 5.1 4.0 87.6 77.0 57.0 37.0 
2001 35 . ../ 34.8 19.4 6 .5 19.9 24.9 17.6 10.3 2 7. 5 28.6 18.9 9.2 ../.8 5.9 4.9 4.0 87.6 80.2 60.9 41.5 
2002 35 . ../ 37.0 21.8 9.2 19.9 24.5 18.0 11.6 27.5 28.8 20.0 11.2 ../.8 5.7 4.8 4.0 87.6 83 .2 64.7 46.2 
2003 35 . ../ 38.8 24.1 11.9 19.9 24.2 18.4 12.7 27.5 28.8 20.9 12.9 ..f.R 5.5 4.7 3.9 87.6 85.6 68.1 50.6 
2004 35..1 39.9 26.1 14.6 19.9 23.9 18.7 13.6 2 7. 5 28.5 21.6 14.6 4.8 5.4 4.7 3.9 87.6 87.3 71.1 54.9 
2005 35.4 40.6 28.0 17.4 19.9 23.6 19.0 14.4 27.5 28.3 22.3 16.3 -1.8 5.4 4.6 3.9 87.6 88.5 73 .9 59.3 
2006 35 . ../ 41.0 29.6 20.1 19.9 23.4 19.2 15.0 27.5 27.9 22.9 17.8 -1.8 5.4 4.6 3.9 87.6 89.2 76.4 63.6 
2007 35.-1 40.9 30.9 22.5 19.9 23.2 19.4 15.6 27.5 27.5 23.2 19.0 4.8 5.3 4.6 3.9 87.6 89.2 78.1 67.1 
2008 35.4 40.7 32.0 24.7 19.9 23.0 19.6 16.1 2 7. 5 27.5 23.7 20.0 ./.8 5.3 4.6 3.9 87.6 89.4 79.9 70.3 
2009 35.-1 40.2 32.9 26.8 19.9 22.9 19.7 16.5 27.5 27.2 24.0 20.8 ../.8 5.3 4.6 3.9 87.6 89.2 81.2 73 .2 
2010 35.4 39.9 33.7 28.5 19.9 22.7 19.8 16.9 27.5 27.0 24.2 21.4 4.8 5.3 4.6 3.9 87.6 89.1 82.3 75.6 
2011 35 . ../ 39.9 34.1 28.5 19.9 22.5 19.9 17.2 27.5 26.9 24.4 21.9 ../.8 5.3 4.6 3.9 87.6 88.7 83.0 77.3 
2012 35.-1 39.9 34.1 28.5 19.9 22.4 19.9 17.5 27. 5 27.0 24.6 22.3 ../.8 5.3 4.6 3.9 87.6 88.5 83 .7 78.8 
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Table 3E Confidence intervals 95% of the catches using strategy 2 during the planning year using stochastic biomass (multiple regression model). 
S2 T.Nilotica catches TA urea catches T.Zillii catches T.Galilea catches Total Tilapia catch 
Years MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11../ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
1999 Il../ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7. 9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
2000 11 . ./ 18.5 12.7 6.8 6.2 11.0 7.7 4.4 7.9 13 .7 7.4 1.1 1.5 2.9 2.2 1.5 27.0 39.4 29.9 20.4 
2001 11.-1 15.0 11.6 8.1 6.2 8.7 6.8 4.8 .9 11.7 6.9 2.0 1.5 2.2 1.8 1.3 27.0 33.5 27.0 20.4 
2002 11 . ./ 14.6 11.9 9.2 6.2 8.3 6.8 5.3 7.9 11.4 7.1 2.8 1.5 2.1 1.7 1.4 27.0 33.1 27.5 22.0 
2003 11 . ./ 14.0 11.8 9.7 6.2 7.9 6.6 5.4 7.9 11.0 7.1 3.3 1.5 2.0 1.6 1.3 27.0 32.1 27.2 22.4 
2004 ll../ 13.2 11.6 10.1 6.2 7.5 6.5 5.5 7. 9 10.4 7.1 3.8 1.5 1.9 1.6 1.2 27.0 30.7 26.8 22.9 
2005 ll . ./ 13.1 11.7 10.4 6.2 7.5 6.5 5.5 7. 9 10.4 7.3 4.2 1.5 1.8 1.5 1.2 27.0 30.8 27.0 23.2 
2006 ll.-1 12.7 11.6 10.5 6.2 7.3 6.5 5.6 7.9 10.1 7.3 4.6 1.5 1.8 1.5 1.2 27.0 30.2 26.9 23.7 
2007 11 . ./ 12.9 11.9 10.9 6.2 7.3 6.4 5.6 7.9 10.0 7.4 4.9 1.5 1.8 1.5 1.1 27.0 30.3 27.2 24.1 
2008 11 . ./ 12.9 11.8 10.7 6.2 7.3 6.4 5.5 7. 9 9.9 7.5 5. 1 1.5 1.8 1.5 1.1 27.0 30.1 27.1 24.2 
2009 11../ 13.1 12.0 10.9 6.2 7.2 6.4 5.6 7.9 9.8 7.6 5.4 1.5 1.8 1.4 1.1 2 7.0 30.3 27.5 24.7 
2010 11 . ./ 12.6 11.6 10.6 6.2 7.2 6.4 5.6 7.9 9.5 7.6 5.6 1.5 1.8 1.4 1.1 27.0 29.6 27.0 24.5 
2011 ll.-1 12.4 11.7 11.0 6.2 7.2 6.4 5.6 7. 9 9.3 7.6 5.8 1.5 1.8 1.4 1.1 27.0 29.2 27.1 25.0 
2012 l/ .-1 12.9 11.9 10.9 6.2 7.1 6.4 5.7 7.9 9.5 7.7 5.9 1.5 1.8 1.4 1.1 27.0 29.8 27.5 25.2 
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Table 4E Confidence intervals 95% of the biomasses using strategy 2 during the planning year using stochastic catches (multiple regression model). 
S2 T.Nilotica biomass TA urea biomass T.Zillii biomass T.Gali/ea biomass Total Tilapia biomass 
Years BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35.4 16.1 8.99 1.9 19.9 19.5 11.7 3.9 27.5 20.5 11.0 1.4 4.8 5.7 4.0 2.4 87.6 48.9 35.7 22.4 
1999 35. 4 25.7 14.7 3.7 19.9 26.9 17.1 7.3 27.5 30.3 16.7 3.1 4.8 7.4 5.4 3.5 87.6 72.7 53 .9 35.2 
2000 35.4 38.0 22.9 9.8 /9.9 31.8 22.5 13.2 27.5 39.7 23.3 7.0 4.8 8.4 6.6 4.7 87.6 98.2 75.3 52.4 
2001 35.-1 38.0 24.5 12.1 19.9 26.2 20.5 14.9 27.5 34.9 22.2 9.6 -1.8 6.8 5.6 4.3 87.6 91.3 72.8 54.4 
2002 35.-1 38.7 26.5 14.2 /9.9 24.3 20.0 15.7 27. 5 32.9 22.2 11.4 -1.8 6.2 5.2 4.1 87.6 89.9 73.8 57.7 
2003 35.-1 38.3 27.7 17.2 /9.9 23 .1 19.6 16.0 27. 5 31.3 22.1 12.9 -1.8 5.8 4.9 3.9 87.6 88.0 74.2 60.5 
2004 35.-1 38.1 28.9 19.8 19.9 22.3 19.3 16.3 27.5 30.0 22.1 14.1 4.8 5.5 4.7 3.8 87.6 86.7 75.0 63 .3 
2005 35.-1 37.8 30.0 22.2 19.9 21.9 19.2 16.5 27.5 29.3 22.3 15.2 4.8 5.4 4.6 3.7 87.6 86.1 76.0 65.9 
2006 35.-1 37.5 30.9 24.3 19.9 21.5 19.1 16.6 27.5 28.6 22.4 16.2 4.8 5.3 4.5 3.6 87.6 85.6 76.9 68.2 
2007 35.4 37.2 31.6 25.9 19.9 21.3 19.0 16.6 27.5 28.1 22.6 17.0 4.8 5.3 4.4 3.5 87.6 85.1 77.5 69.9 
2008 35.-1 36.7 32.0 27.3 /9.9 21.2 18.9 16.7 27.5 27.7 22.7 17.6 4.8 5.3 4.4 3.4 87.6 84.6 78.0 71.4 
2009 35.-1 36.6 32.4 28.1 19.9 21.1 18.9 16.7 27. 5 27.2 22.7 18.2 -1.8 5.3 4.3 3.4 87.6 84.2 78.3 72.5 
2010 35.-1 36.3 32.6 28.9 19.9 21.1 18.9 16.7 27. 5 26.8 22.7 18.7 -1.8 5.2 4.3 3.3 87.6 83.7 78.5 73.4 
2011 35.-1 35.9 32.7 29.6 /9.9 21.1 18.9 16.7 27.5 26.6 22.8 19.1 -1.8 5.2 4.3 3.3 87.6 83.4 78.7 74.0 
2012 35.-1 36.1 33.1 30.0 19.9 21.0 18.9 16.8 27.5 26.5 23 .0 19.4 4.8 5.3 4.3 3.3 87.6 83.7 79.2 74.7 
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Table SE Confidence intervals 95% of the catch using strategy 3 during the planning year using stochastic biomass (multiple regression model). 
S 3 T.Nilotica catches T.Aurea catches T.Zillii catches T. Gali lea catches Total Tilapia catch 
Years MSY Upper Mean Lowei MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11../ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7. 9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
1999 11 . ./ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
2000 ll.-1 0.0 0.0 0.0 fi.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
2001 11 . ../ 20.7 11.9 3.1 6.2 11.6 8.7 5.8 7.9 14.8 8.7 2.5 1.5 2.9 2.4 1.8 27.0 43 .0 31.7 20.3 
2002 ll . ./ 17.9 11.4 4.9 6.2 9.6 7.8 6.0 .9 12.7 8.2 3.7 1.5 2.3 2.0 1.7 27.0 37.3 29.4 21.4 
2003 11../ 16.4 11.1 5.9 6.2 8.7 7.2 5.8 7.9 11 .5 7.9 4.2 1.5 2.1 1.8 1.5 27.0 34.5 28.0 21.6 
2004 11.-1 15.5 11.0 6.5 6.2 8.1 6.9 5.7 7. 9 10.9 7.8 4.6 1.5 1.9 1.7 1.4 27.0 32.9 27.3 21.8 
2005 11../ 14.7 11.0 7.3 6.2 7.8 6.7 5.7 7.9 10.6 7.8 4.9 1.5 1.8 1.6 1.4 27.0 31.9 27.1 22.3 
2006 ll . ./ 14.3 11.1 7.9 6.2 7.7 6.7 5.7 7. 9 10.3 7.8 5.2 / .5 1.8 1.6 1.3 27.0 31.4 27.1 22.8 
2007 11../ 14.0 11.1 8.2 6.2 7.5 6.5 5.6 7.9 10.0 7.7 5.4 1.5 1.8 1.5 1.2 2 7. 0 30.9 26.9 22.9 
2008 JJ . ./ 13.3 11.0 8.7 6.2 7.4 6.5 5.6 7.9 9.7 7.7 5.6 1.5 1.8 1.5 1.2 27.() 29.9 26.7 23.5 
2009 11../ 13.4 11.3 9.1 6.2 7.3 6.5 5.6 7.9 9.7 7.8 5.8 1.5 1.8 1.5 1.2 27.0 30.1 27.0 23 .8 
2010 11 . ../ 13.1 11.2 9.3 6.2 7.3 6.4 5.6 7.9 9.7 7.8 5.8 1. 5 1.8 1.5 1.1 2 7.0 30.0 26.8 23 .7 
2011 ll . ./ 12.8 11.3 9.7 6.2 7.2 6.4 5.5 7.9 9.5 7.8 6.0 1.5 1.8 1.4 1.1 27.0 29.3 26.9 24.4 
2012 11 . ./ 13.0 11.4 9.8 6.2 7.2 6.4 5.7 7.9 9.5 7.8 6.1 1.5 1.8 1.4 1.1 2 7. 0 29.7 27.1 24.4 
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Table 6E Confidence intervals 95% of the biomasses using str ategy 3 during the planning year using stochastic catches (multiple regression model). 
S3 T.Nilotica biomass T.A urea biomass T.Zillii biomass T.Ga/ilea biomass Total Tilapia biomass 
Years BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35. -1 15.3 8.94 2.6 19.9 19.6 11.7 3.9 27.5 22.1 10.97 1.7 -1.8 5.5 4.1 2.6 87.6 51.7 35.7 19.7 
1999 35. -1 24.7 14.8 4.8 19.9 27.2 17.1 7.1 27.5 31.6 16.5 3.8 4.8 7.2 5.5 3.8 87.6 76.0 53 .9 31.8 
2000 35. -1 37.0 23 .1 9.1 19.9 32.1 22.5 12.9 27. 5 37.8 22.4 9.4 4.8 8.1 6.6 5.2 87.6 99.0 74.6 50.2 
2001 35 . ./ 49.7 33 .2 16.8 19.9 33.9 26.9 19.8 2 7. 5 41.9 28.3 16.8 ./.8 8.4 7.4 6.3 87.6 119.1 95.8 72.4 
2002 35.4 46.0 33.2 20.3 19.9 27.1 23 .2 19.4 2 7.5 34.9 25.9 18.3 4.8 6.7 6.0 5.3 87.6 104.5 88.2 72.0 
2003 35. -1 42.7 32.9 23.0 19.9 24.3 21.5 18.8 2 7.5 31.8 24.8 19.0 4.8 5.9 5.4 4.9 87.6 97.1 84.6 72.2 
2004 35.4 41.3 33 .1 25.0 19.9 22.8 20.6 18.5 2 7.5 30.1 24.3 19.5 4.8 5.4 5.0 4.6 87.6 93 .5 83 .1 72.7 
2005 35..1 39.7 33.3 26.9 19.9 22.0 20.1 18.2 2 7. 5 29.0 24.0 19.8 -1.8 5.2 4.8 4.4 87.6 90.8 82.2 73 .5 
2006 35.-1 38.8 33.6 28.5 19.9 21.5 19.7 17.9 27.5 28.2 23 .8 20.2 4.8 5.1 4.7 4.2 87.6 89.2 81.8 74.5 
2007 35.4 37.6 33 .6 29.5 19.9 21.2 19.4 17.6 27.5 27.6 23.6 20.3 -1. 8 5.1 4.5 4.0 87.6 87.5 81.2 74.9 
2008 35.-1 37.0 33.7 30.3 19.9 21.1 19.3 17.4 2 7.5 27.2 23 .6 20.5 4.8 5.0 4.5 3.9 87.6 86.5 80.9 75.4 
2009 35..1 36.7 33 .6 30.6 19.9 21.1 19.2 17.3 2 7.5 26.9 23 .5 20.6 4.8 5.1 4.4 3.8 87.6 86.0 80.7 75.4 
2010 35..1 36.6 33 .7 30.7 19.9 21.0 19.1 17.1 2 7.5 26.6 23.4 20.6 ./.8 5. 1 4.4 3.7 87.6 85.6 80.5 75.4 
2011 35 . ./ 36.6 33 .7 30.7 19.9 21.1 19.0 16.9 2 7.5 26.4 23.3 20.7 4.8 5.1 4.4 3.6 87.6 85.0 80.4 75.8 
2012 35../ 36.6 33.9 30.7 19.9 21.0 19.0 16.9 27.5 26.3 23.3 20.8 4.8 5.1 4.3 3.6 87.6 85.2 80.5 75.8 
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Table 7E Confidence intervals 95% of the catches using strategy 1 during the planning year using stochastic biomass (GAM) and stochastic biomass. 
Sl T.Nilotica catches TA urea catches T.Zillii catches T.Ga/ilea catches Tilapia catch 
Years MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11../ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7. 9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 2 7. 0 0.0 0.0 0.0 
1999 11.-1 14.1 8.0 1.9 6.2 8.6 5.5 2.3 7.9 9.9 5.6 1.3 1.5 2.4 1.7 1.0 27. 0 28.9 20.8 12.6 
2000 11.-1 14.6 8.7 2.8 6.2 8.0 5.5 3.1 7. 9 10.1 6.0 1.9 1.5 2.1 1.6 1.1 27.0 29.6 21.9 14.1 
2001 11.-1 14.9 9.4 3.9 6.2 7.7 5.7 3.6 7.9 10.3 6.4 2.4 1.5 2.0 1.5 1.1 27.0 30.3 23.0 15.7 
2002 11.-1 13.9 9.6 5.3 6.2 7.6 5.9 4.1 7. 9 9.9 6.5 3.1 1. 5 1.9 1.5 1.1 27.0 29.4 23 .5 17.5 
2003 11.-1 14.7 10.4 6.1 6.2 7.4 5.9 4.5 7.9 10.5 7.0 3.4 1.5 1.9 1.5 1.1 27.0 30.7 24.8 18.9 
2004 11.-1 13.6 10.4 7.3 6.2 7.4 6.1 4.8 7. 9 9.9 7.0 4.1 1.5 1.8 1.5 1.1 27.0 29.7 25.0 20.3 
2005 J/.-1 13.7 10.8 7.9 6.2 7.2 6.1 5.0 7.9 10.1 7.3 4.5 1.5 1.8 1.5 1.1 27. 0 30.2 25.7 21.2 
2006 J/.-1 13.0 11.0 8.9 6.2 7.2 6.2 5.2 7. 9 9.8 7.4 5.0 1.5 1.8 1.4 1.1 27.() 29.4 26.0 22.6 
2007 11.-1 13.1 11.2 9.3 6.2 7.1 6.2 5.4 7. 9 9.7 7.5 5.4 1.5 1.8 1.4 1.1 27.0 29.4 26.4 23.3 
2008 11.-1 13.5 11.6 9.6 6.2 7.1 6.3 5.6 7.9 10.0 7.8 5.6 1.5 1.8 1.4 1.1 27.0 30.5 27.2 23 .9 
2009 11.-1 12.9 11.5 10.0 (),] 7.0 6.3 5.6 7. 9 9.6 7.8 6.0 1.5 1.8 1.4 1.1 27.0 29.6 27.0 24.4 
2010 11.-1 12.4 11.4 10.3 6.2 7.0 6.3 5.6 7. 9 9.3 7.7 6.2 1.5 1.8 1.4 1.1 2 7.() 29.2 26.8 24.5 
2011 /1.-1 13.2 11.7 10.2 6.2 7.0 6.4 5.7 7.9 9.7 8.0 6.3 1.5 1.8 1.4 1.1 27.0 30.2 27.5 24.9 
2012 11. -1 12.4 11.5 10.6 6.2 7.0 6.4 5.8 7. 9 9.2 7.9 6.6 / .5 1.8 1.4 1.1 27.() 29.0 27.2 25.4 
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Table SE Confidence intervals 95% of the biomass using strategy 1 during the planning year using stochastic catches (GAM) and stochastic biomass. 
S1 T.Nilotica biomass T .A urea biomass T.Zi/Jii biomass T.Galilea biomass Tilapia biomass 
Years BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35.-1 16.4 8.96 l.5 19.9 19.5 11.7 3.9 27.5 20.0 10.21 0.4 4.8 5.5 4.1 2.7 87.6 49.3 34.9 20.6 
1999 35.4 26.1 14.7 3.3 19.9 27.1 17.1 7.1 27.5 29.6 15.6 1.6 4.8 7.1 5.5 3.9 87.6 73 .1 52.9 32.7 
2000 35.-1 29.0 17.4 5.8 19.9 25.3 17.4 9.4 27.5 29.8 16.6 3.5 -1.8 6.3 5.1 4.0 87.6 75.3 56.6 37.8 
2001 35.4 31.4 20.1 8.8 19.9 24.5 17.8 11.1 27.5 30.1 17.7 5.2 -1.8 5.9 4.9 4.0 87.6 78.0 60.5 43 .1 
2002 35.-1 33.6 22.8 11.9 19.9 24.0 18.2 12.5 17.5 30.3 18.6 7.0 4.8 5.7 4.8 3.9 87.6 80.6 64.4 48.3 
2003 35.4 35.0 25.3 15.6 19.9 23 .5 18.6 13.7 27.5 30.5 19.6 8.7 4.8 5.5 4.7 3.9 87.6 82.9 68.2 53 .5 
2004 35.4 36.1 27.5 18.9 19.9 23 .2 18.9 14.6 27.5 30.2 20.4 10.5 -1.8 5.4 4.7 3.9 87.6 84.5 71.5 58.5 
2005 35. -1 36.5 29.4 22.2 19.9 22.9 19.2 15.5 27.5 30.1 21.1 12.2 4.8 5.4 4.7 3.9 87.6 85.6 74.3 63 .0 
2006 35.-1 36.7 31.1 25.5 19.9 22.7 19.4 16.1 27.5 29.8 21.8 13.7 4.8 5.3 4.6 3.9 87.6 86.5 76.9 67.2 
2007 35.-1 37.0 32.3 27.6 19.9 22.4 19.5 16.7 27.5 29.6 22.4 15.1 4. 8 5.3 4.6 3.9 87.6 87.3 78.8 70.3 
2008 35. -1 37.1 33.4 29.7 19.9 22.3 19.7 17.1 27. 5 29.3 22.9 16.4 -1.8 5.3 4.6 3.9 87.6 87.9 80.5 73.2 
2009 35.-1 37.0 34.1 31.1 19.9 22.1 19.8 17.4 17.5 28.8 23 .2 17.6 4.8 5.3 4.6 3.9 87.6 87.8 81.6 75.3 
2010 35. -1 36.9 34.7 32.5 19.9 22.1 19.9 17.6 27.5 28.4 23 .5 18.6 4.8 5.3 4.6 3.9 87.6 88.1 82.6 77.1 
2011 35.4 37.3 35.4 33.4 19.9 22.1 19.9 17.8 27.5 28.3 23 .9 19.4 4.8 5.3 4.6 3.9 87.6 88.7 83.7 78.8 
2012 35. -1 37.2 35.6 33.9 19.9 22.0 20.0 18.0 27.5 27.9 24.0 20.2 -1.8 5.3 4.6 3.9 87.6 88.3 84.2 80.0 
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Table 9E Confidence intervals 95% of the catches using strategy 2 during the planning year using stochastic biomass (GAM) and stocbastic biomass. 
S2 T. Nilotica catches T.A urea catches T.Zillii catches T.Galilea catches Tilapia catch 
Years MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11.-1 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
1999 11../ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
2000 1 I ..I 17.3 10.9 5.2 6.2 10.5 7.1 3.8 7.9 12.6 7.2 1.9 1.5 2.7 2.1 1.4 27. 0 36.9 27.3 17.8 
2001 11.-1 15.4 10.8 6.1 6. 2 8.9 6.6 4.4 7.9 11.4 7.2 2.9 1.5 2.2 1.8 1.4 2 7.0 33.6 26.4 19.1 
2002 l/.-1 14.5 10.9 7.3 6.2 8.2 6.5 4.7 7.9 10.9 7.2 3.5 1.5 2.0 1.7 1.3 27. 0 32.0 26.2 20.4 
2003 JJ.-1 13.9 11.0 8.1 6.2 7.9 6.4 4.9 7.9 10.4 7.3 4.1 1.5 1.9 1.6 1.3 2 7.0 31.1 26.2 21.3 
2004 11.-1 13.5 11.2 8.8 6.2 7.7 6.3 5.0 7. 9 10.2 7.4 4.5 1.5 1.8 1.5 1.2 27.0 30.6 26.4 22.2 
2005 11.-1 13.0 11.2 9.5 6.2 7.5 6.3 5.2 7.9 9.8 7.5 5.1 1.5 1.8 1.5 1.2 2 7. 0 29.9 26.5 23.1 
2006 ll.-1 12.9 11.5 10.0 6.2 7.5 6.4 5.3 7.9 9.8 7.6 5.4 1.5 1.8 1.5 1.2 27. 0 30.0 26.9 23.8 
2007 11../ 12.8 11.5 10.1 6.2 7.4 6.3 5.3 7.9 9.6 7.7 5.7 1.5 1.8 1.5 1.2 27. 0 29.8 26.9 24.1 
2008 Jl .-1 12.9 11.6 10.3 6.2 7.3 6.3 5.4 7.9 9.5 7.7 5.9 1.5 1.8 1.5 1.2 27. 0 29.9 27.1 24.4 
2009 11 . ./ 12.5 11.6 10.7 6.2 7.2 6.4 5.6 7.9 9.4 7.8 6.2 1.5 1.8 1.5 1.1 27. 0 29.4 27.2 25.0 
2010 11../ 12.6 11.6 10.5 6.2 7.1 6.3 5.5 7.9 9.1 7.7 6.4 /.5 1.7 1.4 1.1 27.0 29.2 27.1 24.9 
2011 11 . ./ 12.8 11.7 10.5 6.2 7.1 6.4 5.6 7.9 9.5 7.9 6.4 1. 5 1.8 1.4 1.1 2 7. 0 29.9 27.4 24.9 
2012 11 . ./ 12.5 11.7 10.9 6.2 7.1 6.4 5.7 7.9 9.2 7.9 6.6 1.5 1.7 1.4 1.1 27. 0 29.4 27.5 25.5 
252 
Table tOE Confidence intervals 95% of the biomasses using strategy 2 during the planning year using stochastic catches (GAM) and stochastic biomass. 
S2 T.Nilotica biomass T .A urea biomass T.Zillii biomass T.Galilea biomass Tilapia biomass 
Years BMSY Upper Mean Lower ~MSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35.4 18.9 8.94 0.6 19.9 19.4 11.6 3.9 27.5 17.6 10.98 4.4 4.8 5.6 4.1 2.6 87.6 49.6 35.6 21.6 
1999 35.4 29.7 14.5 0.6 19.9 26.8 17.0 7.2 27.5 25.7 16.7 7.8 ./.8 7.2 5.5 3.7 87.6 73.7 53.8 33.8 
2000 35..1 40.9 22.1 3.3 19.9 31.8 22.4 13.1 27.5 33.8 23 .8 13.8 ./.8 8.2 6.6 5.1 87.6 98.3 75.0 51.7 
2001 35 . ./ 38.3 23 .9 9.6 19.9 26.7 20.9 15.1 27.5 31.3 23 .8 16.3 4.8 6.7 5.7 4.7 87.6 91.6 74.4 57.2 
2002 35..1 37.7 26.0 14.3 19.9 24.8 20.4 16.0 27.5 29.7 23.8 17.9 4.8 6.1 5.3 4.5 87.6 89.3 75.5 61.7 
2003 35 . ../ 37.5 27.9 18.3 19.9 23.7 20.2 16.6 27.5 28.7 24.0 19.4 ../.8 5.8 5.1 4.3 87.6 88.3 77.1 66.0 
2004 35 . ../ 37.3 29.7 22.1 19.9 23 .1 20.1 17.1 27.5 27.9 24.2 20.4 4.8 5.6 4.9 4.2 87.6 87.8 78.9 70.0 
2005 35..1 37.0 31.2 25.4 19.9 22.6 20.1 17.5 27.5 27.5 24.4 21.3 4.8 5.5 4.8 4.1 87.6 87.4 80.6 73.7 
2006 35.4 37.0 32.5 28.0 19.9 22.4 20.1 17.8 27.5 27.2 24.6 21.9 ../.8 5.4 4.8 4.1 87.6 87.6 81.9 76.3 
2007 35 . ./ 36.7 33.4 30.2 19.9 22.2 20.1 18.0 27.5 27.0 24.7 22.4 4.8 5.4 4.7 4.0 87.6 87.3 82.9 78.5 
2008 35 . ./ 36.6 34.3 32.0 19.9 22.0 20.1 18.2 27.5 26.7 24.6 22.6 ./.8 5.4 4.7 4.0 87.6 87.3 83.8 80.2 
2009 35 . ../ 36.8 35.0 33.2 19.9 21.9 20.2 18.4 27.5 26.5 24.7 22.8 ./.8 5.4 4.7 3.9 87.6 87.5 84.5 81.4 
2010 35...1 36.9 35.4 34.0 19.9 21.9 20.1 18.4 27.5 26.6 24.8 23.0 4.8 5.4 4.6 3.9 87.6 88.0 85.0 82.0 
2011 35 . ../ 37.0 35.8 34.5 19.9 21.9 20.2 18.5 27.5 26.6 24.7 22.9 4.8 5.4 4.6 3.9 87.6 88.1 85.3 82.5 
2012 35 . ../ 37.1 35.8 34.6 19.9 21.9 20.2 18.5 27.5 26.6 24.8 23.0 4.8 5.4 4.6 3.8 87.6 88.2 85.4 82.7 
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Table l lE Confidence intervals 95% of the catch using strategy 3 during the planning year using stochastic biomass (GAM) and stochastic biomass. 
S3 T.Nilotica catches T .A urea catches T.Zillii catches T. Gali lea catches Tilapia catch 
Years MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower MSY Upper Mean Lower 
1998 11 . ./ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7. 9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
1999 11 . ./ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7.9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 2 7.0 0.0 0.0 0.0 
2000 11 . ./ 0.0 0.0 0.0 6.2 0.0 0.0 0.0 7. 9 0.0 0.0 0.0 1.5 0.0 0.0 0.0 27.0 0.0 0.0 0.0 
2001 11 . ./ 20.5 11.5 2.6 6.2 11.0 8.6 6.1 7.9 14.9 8.6 2.3 1.5 2.8 2.3 1.8 27. 0 42.6 31.0 19.5 
2002 1 1 . ./ 17.1 10.7 4.4 6.2 8.8 7.5 6.1 7.9 12.7 8.0 3.4 1.5 2.2 1.9 1.6 27.0 36.2 28.1 20.0 
2003 ll.-1 15.7 10.6 5.4 6.2 8.0 7.0 6.0 7.9 11.4 7.7 4.1 1.5 2.0 1.7 1.5 27.0 33.4 27.1 20.7 
2004 11.-1 15.0 10.6 6.3 6.2 7.6 6.8 6.0 7.9 10.8 7.7 4.5 1.5 1.9 1.6 1.4 27.0 32.2 26.7 21.2 
2005 1/ . .J 14.6 10.8 6.9 6.2 7.3 6.6 6.0 7.9 10.5 7.7 4.9 1.5 1.8 1.6 1.4 27.0 31.6 26.7 21.7 
2006 11 . ./ 14.2 10.9 7.6 6.2 7.2 6.6 5.9 7.9 10.1 7.7 5.3 /.5 1.8 1.5 1.3 27.0 31.0 26.8 22.6 
2007 11 . ./ 14.0 11.0 8.0 6.2 7.0 6.5 5.9 7.9 10.0 7.7 5.5 1.5 1.7 1.5 1.3 27.0 30.9 26.7 22.6 
2008 11 . ./ 13.4 11.1 8.8 6.2 7.0 6.5 6.0 7.9 9.6 7.8 5.9 1.5 1.7 1.5 1.3 27. 0 30.0 26.9 23.7 
2009 11 . ./ 13.1 11.1 9.2 6.2 7.0 6.5 5.9 7.9 9.5 7.8 6.1 1.5 1.7 1.5 1.2 27.0 29.8 26.9 23.9 
2010 ll.-1 13.2 11.3 9.4 6.2 7.0 6.4 5.9 7. 9 9.4 7.8 6.2 1.5 1.7 1.5 1.2 27.0 29.7 27.0 24.4 
2011 /l.-1 12.7 11.2 9.7 6.2 7.0 6.4 5.8 7. 9 9.2 7.8 6.4 1.5 1.7 1.5 1.2 27.0 29.4 26.9 24.4 
2012 11 . ./ 12.8 11.4 9.9 6.2 7.0 6.4 5.9 7. 9 9.1 7.9 6.6 1.5 1.7 1.5 1.2 27. 0 29.4 27.1 24.8 
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Table 12E Confidence intervals 95% of the biomasses using strategy 3 during the planning year using stochastic catches (GAM) and stochastic biomass. 
S3 T.Nilotica biomass T .A urea biomass T.Zi/lii biomass T.Galilea biomass Tilapia biomass 
Years BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower BMSY Upper Mean Lower 
1998 35..1 18.3 8.92 0.4 19.9 19.4 11.6 3.8 27.5 17.9 10.60 3.3 4.8 5.6 4.0 2.5 87. 6 49.5 35.1 20.8 
1999 35.4 28.9 14.5 0.2 19.9 26.9 17.0 7.0 27.5 26.7 16.1 5.6 4.8 7.3 5.4 3.6 87. 6 73.9 53.0 32.2 
2000 35.-1 40.2 22.2 4.1 19.9 31.9 22.3 12.8 27.5 35.0 22.8 10.5 -1.8 8.3 6.6 4.9 87.6 98.8 73.9 48.9 
2001 35.-1 49.0 31.3 13.5 19.9 33.8 26.8 19.8 27.5 41.0 29.7 18.3 -1.8 8.6 7.4 6 .1 87.6 118.8 95.1 71.4 
2002 35.-1 42.6 31.5 20.4 19.9 27.3 23.4 19.5 27.5 33.7 27.4 21.1 4.8 6.8 6.0 5.3 87.6 102.4 88.4 74.3 
2003 35.-1 40.3 32.2 24.2 19.9 24.8 22.1 19.3 27.5 30.6 26.2 21.9 -1.8 6.1 5.5 4.9 87.6 96.0 86.0 76.0 
2004 35.-1 38.9 33 .0 27.1 19.9 23 .5 21.4 19.2 27.5 29.2 25.7 22.2 -1.8 5.7 5.2 4.7 87.6 92.7 85.2 77.7 
2005 35.-1 38.1 33.9 29.6 19.9 22.7 20.9 19.1 27.5 28.2 25.3 22.5 -1.8 5.5 5.0 4.5 87.6 90.8 85.1 79.5 
2006 35.-1 37.3 34.5 31.7 19.9 22.3 20.7 19.1 2 7. 5 27.5 25.1 22.8 4.8 5.4 4.9 4.3 87.6 89.3 85.2 81.2 
2007 35.4 36.9 34.8 32.7 19.9 22.0 20.5 19.0 27.5 27.0 24.9 22.8 -1.8 5.4 4.8 4.2 87.6 88.4 85.0 81.7 
2008 35.-1 36.9 35.0 33.2 19.9 22.0 20.4 18.8 27.5 26.8 24.7 22.7 -1.8 5.4 4.7 4.1 87.6 88.0 84.9 81.8 
2009 35.-1 36.8 35.2 33 .7 19.9 21.9 20.3 18.7 27.5 26.7 24.7 22.7 4.8 5.4 4.7 4.0 87.6 87.8 84.9 82.0 
2010 35.-1 36.7 35.4 34.0 19.9 21.9 20.2 18.6 27.5 26.6 24.8 23.0 4.8 5.4 4.6 3.9 87.6 87.8 85.0 82.2 
2011 35.-1 36.8 35.8 34.8 19.9 21.8 20.2 18.6 2 7.5 26.5 24.5 22.6 -1.8 5.4 4.6 3.9 87.6 87.7 85.2 82.7 
2012 35.-1 36.8 35.8 34.8 19.9 21.8 20.2 18.6 27.5 26.5 24.7 22.9 4.8 5.4 4.6 3.8 87.6 87.8 85.3 82.8 
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Figure l3E The upper and lower limits of 95% confidence interval of stochastic catch and 
MSY with stochastic biomass for Total Tilapia using Greedy fleet for eacb catch strategy (1) 
Sl, (2) S2 and (3) S3 with GAM. 
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Figure 14E The upper and lower limits of 90% confidence interval of stochastic 
biomass and Total BMSY (multiple regression model) of Total Tilapia species using 
50% of the Projected fleet size for the three catch strategies (1) Strategy 1, (2) 
Strategy 2 and(3) Strategy 3. 
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